HYDRAULIC  SYSTEM  NOISE  STUDY 


Oklahoma  State  University 


PREPARED  FOR 

Army  Mobility  Equipment  Research  and 
Development  Center 

December  1973 


DISTRIBUTED  BY: 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


J 


security  Classification  of  this  page  f»Ti»n  d«i»  Enr»>.dj 


REPORT  DOCUMENTATION  PAGE 


1.  RE  PQW 1  NUMBER 

FPRC-3M3 


4.  TITLE  C«nd  Subtitle) 


12.  GOVT  ACCESSION  NO. 


HYDRAULIC  SYSTEM  NOISE  STUDY 


au  Tmorc»; 


Staff  of  the  Fluid  Power  Research  Center 


9  performing  organization  name  and  address 

Fluid  Power  Research  Center 

Oklahoma  State  University 
Stillwater,  Oklahoma  74074 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


Directorate  of  Research,  Development,  &  Engineering 
U.S.  Army  Mobility  Equipment  Command 
Ft.  Belvoir,  Virginia  22060 


4  MONITORING  AGENCY  NAME  a  ADORESSfll  Jlll«r«nl  Iron 1  Controlling  Ollic.) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1  RECIPIENT'S  CATALOG  NUMBER 


S  TYPE  OF  REPORT  a  PERIOD  COVERED 

Annual,  Section  III  cf  5 
June  1972  -  November  1973 


6  PERFORMING  ORG.  REPORT  NUMBER 

FPRC-3M3 


8.  CONTRACT  OR  GRANT  NUMQERfaJ 

Contract  No.  DAAK02-73-C- 
0172 


10.  PROGRAM  ELEMENT.  PROJECT  TASK 
AREA  8  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

December  1973 


i  J  NUMBER  OF  PAGES 

1  /*>/ 


IS.  SECURITY  CLASS.  ( ol  thia  rspo ri) 

UNCLASSITIED 


\bm.  OECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 


16  DISTRIBUTION  STATEMENT  (of  thla  Report) 


Approved  for  Public  Release:  Distribution  Unlimited 


17  DISTRIBUTION  STATEMENT  (ot  Ih a  abatract  entarad  In  Block  20.  II  dltlaren!  from  Report) 


IB.  SUPPLEMENTARY  NOTES 

Reprodurod  I". 

M/A  NATIONAL  TECHNICAL 

N/A  INFORMATION  SERVICE 

II  S  Onpnrtmnnt  of  Commerce 
Springfield  VA  22151 


19.  KEY  WORDS  (Continue  on  reverse  aid •  It  nsceaasry  and  Identity  by  block  number) 


Hydraulic  Noise 
Sound  Measurement 
Component  Sound  Levels 


Airborne  Noise 
Fluid-Borne  Noise 
Structure-Boroe  Noise 


20.  ABSTRACT  (Continue  on  reverse  aide  It  neceaasry  and  Identify  by  block  number) 

The  purpose  of  the  OSU-MERDC  Hydraulic  Specification  Program  is  to  develop  indus¬ 
trially  acceptable  test  procedures  and  requirement  specifications  relative  to  the  performance 
of  hydraulic  components  and  systems  to  facilitate  the  military's  buy  commercial  approach. 
Although  the  program  has  been  aimed  toward  components  and  systems  for  future  3000  psi 
operating  pressure  levels,  it  was  intended  that  the  test  procedures  be  applicable  to  any 
pressure  level.  (over) 


DD  i  jan^7j  1473  EDITION  OF  I  NOV  «8  IS  OBSOLETl 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wh.n  D.lm  Ent.r.d) 


UNCLASSIFIED 

security  classification  of  this  pagechtimi  d«i«  EnHriij 


This  report  presents  a  detailed  account  of  the  experimental  verification  part  of  the 
hydraulic  noise  study.  Test  procedures  for  the  measurement  of  hydraulic  component 
noise  developed  under  this  contract  are  presented  and  experimentally  verified.  A  summary 
of  the  work  performed  on  measurement  facility  verification  is  presented.  The  acoustical 
properties  of  selected  military  fluid  power  components  are  presented  and  compared  to  a 
spectrum  of  current  production  components  from  industry.  Specific  recommendations  are 
made  for  continuing  the  effort  to  understand  and  control  hydraulic  noise. 


2-  <9. M3 — Ft  Delvolr 


,  UNCLASSIFIED 

I  (£S  SECURITY  CLASSIFICATION  OF  THIS  PAGETRTien  Dlta  Entered) 


TABLE  OF  CONTENTS 


Chapter  Page 


I.  INTRODUCTION .  5 

II.  TEST  PROCEDURE  DEVELOPMENT  &  UTILIZATION .  9 

Test  Code  —  Airborne  Noise .  9 

Test  Code  —  Fluid-borne  Noise .  10 

Test  Code  —  Structure-borne  Noise .  11 

III.  FACILITY  VERIFICATION .  13 

Introduction .  13 

Diffusivity  Optimization .  13 

Reverberant  Facility  Verification  at  OSU  FPRC .  15 

Conclusion . 18 

IV.  EXPERIMENTAL  EVALUATION  OF  THE  NOISE  PRODUCED  BY 

FLUID  POWER  PUMPS . . .  21 

Introduction.... .  21 

Acoustical  Evaluation  of  Military  lump  Group  5R719 

As  Received .  22 

Contaminant  Sensitivity  Test  of  Military  Pump  Group 

5R719 .  22 

Acoustical  Evaluation  of  Military  Pump  Group  5R719 

After  Contaminant  Testing .  23 

Structure -borne  Noise  Levels  for  Military  Pump 

Group  5R719 . 29 

Acoustical  Comparison  of  Pump  Group  5R719  with  a 

Survey  of  Fluid  Power  Pumps . 29 

V.  CONDUIT  EVALUATION .  39 

Transfer  Functions . 91 

VI.  ACOUSTICAL  MEASUREMENTS  OF  RELIEF  VALVES .  95 

Introduction . 95 

Tests  at  OSU-FPRC  Acoustics  Laboratory .  95 

Future  Testing . 96 

VII.  PRACTICAL  METHODS  FOR  REDUCING  FLUID  POWER  SYSTEM 

NOISE . 55 

i  P 


Chapter 

VIII.  SUMMARY,  CONCLUSIONS,  6  RECOMMENDATIONS 


Page 

59 


Appendices 

A.  SELECTED  REFERENCES .  64 

li.  INSTRUMENTATION .  66 

C.  ISOLATION  MATERIALS .  70 

D.  ACOUSTICAL  FACILITY  SURVEY .  72 


E.  A  USER'S  GUIDE  TO  THE  ACCOUSTICAL  DATA  REDUCTION  PROGRAMS.  78 

F.  TEST  CODE  FOR  MEASURING  AND  REPORTING  SOUND  GENERATED 

BY  HYDRAULIC  PUMPS . 113 


l 

I 


I 


i 


G.  TEST  CODE  FOR  MEASURING  AND  REPORTING  FLUID-BORNE 
NOISE  EMITTED  BY  HYDRAULIC  FLUID  POWER  PUMPS . 


124 


LIST  OF  TABLES 


TABLE  PAGE 

3- 1.  Constant  Factors  for  Standard  Deviation  Approximation .  15 

4- 1.  Test  Sequence  and  Coding  for  Pump  Group  5R714  for 

the  Military  D7F(DV29) .  21 


4-2.  Test  Conditions  for  Pump  Group  5R714  Acoustical  Evaluation.  22 
4-3.  Contaminant  Tolerance  Profile  of  Pump  Group  5R714 


for  1000  Hour  Life .  23 

4-4.  SBN  Levels  for  Pump  Group  5R714 .  30 

4- 5.  Results  of  an  Acoustical  Survey  of  Fluid  Power  Pumps .  37 

5- 1.  Total  Noise  Levels  (dB)  of  Hydraulic  Conduit .  40 

5- 2.  Comparison  of  Measured  and  Predicted  Levels  from 

Frequency  Analysis .  44 

6- 1.  Sound  Power  Results  of  Relief  Valves . .  48 

7- 1.  Summary  of  Proposed  Evaluations . 55 

E-l.  Acoustical  Data  Reduction  Routines  and  Calling  Programs....  81 

E-2  .  Data  File  ABN//// .  91 

E-3.  ABN  Sample  Output . . .  92 

E-4.  Data  File  ABN... .  99 

E-5  .  FBM  Sample  Output .  100 

E-6 .  Data  File  SBN .  106 

E-7.  SBN.  Sample  Output .  107 

F-l.  Standard  Deviation  (in  dB)  of  Sound  Power  Level 

Determination .  114 

F-2.  Documents  to  be  Used  for  Test  Facility  Performance 

Qualification .  114 


iii 


TABLE 


PAGE 


F-3.  Tolerance  Limits  for  Test  Parameters .  115 

F-4.  Coordinates  for  Four-Point  Microphone  Array .  118 

F-5A.  Example  Data  for  Each  Pump  Tested . .  119 

F-5B.  Example  Data  Summary  for  One  Operating  Condition .  119 

G-l .  Test  Conditions  Ac  r,  . .  126 

G-2A.  Example  Data  For  Each  Pump  Test . 

G-2B .  Example  Data  Summary  for  One  Operating  Condition .  129 

LIST  OF  FIGURES 

FIGURE  PAGE 

1-1.  1972-74  Hydraulic  System  Noise  Study  Program 

Objectives . . .  6 

1-2.  Illustration  of  Component  Acoustical  Evaluations  for 

1972-73  Program .  8 

3-1.  Pure  Tone  Standard  Deviation  in  OSU-FPRC  Reverberant 
Facility  for  Each  of  Three  Diffusers  Operating 

Separately  at  Various  Speeds .  14 

3-2.  Standard  Deviation  of  Measurements  at  One  Position 
and  Several  Positions  Versus  F  equency  Without 

Diffusers  Operating .  16 

3-3.  Pure  Tone  Standard  Deviation  Versus  Frequency  for 

OSU-FPRC  Reverberant  Facility . 17 

3-4.  Standard  Deviation  of  Measurements  in  OSU-FPRC  Rever¬ 
berant  Facility  for  a  Broad  Band  Source  with  Three 
Diffusers  Operating . 19 

3- 5.  Standard  Deviation  of  Measurements  in  OSU-FPRC 

Reverberant  Facility  for  a  Pure  Tone  Source  with  Three 
Diffusers  Operating.... .  20 

4- 1.  ABN  Levels  for  Pump  Group  5R714  for  Military  D7F(DV29) 

Tested  as  Received . ^4 

4-2.  FBN  Levels  for  Pump  Group  5R714  Tested  as  Received .  25 

iv 


FIGURE 


PAGE 


4-3.  Contaminant  Tolerance  Profile  of  Pump  Group  5R714 

for  1000  Hour  Life........ . .  26 

4-4.  ABN  Levels  for  Pump  Group  5R714  After  Contaminant 

Test .  27 

4-5.  FEN  Levels  for  Pump  Group  5R714  After  Contaminant 

Test .  28 

4-6.  ABN  Versus  FBN  for  Pump  Group  5R714  (NP-21)  and  Four 

Survey  Pumps .  31 

4-7.  Histograms  of  Total  Sound  Power  for  Survey  Pumps 
with  Sound  Power  Level  for  Pump  Group  5R714  shown 
by  (21) .  33 

4-8.  Histograms  of  dBA/Horsepower  for  Survey  Pumps  with 

dBA/H.P.  for  Pump  Group  5R714  Shown  by  (21) .  34 

4-9.  Histograms  of  FBN  for  Survey  Pumps  FBN  Level  for 

Pump  Group  5R714  shown  by  (21) .  35 

4- 10.  Historgrams  of  FBN/Horsepower  for  Survey  Pumps  with 

FBN  Level  for  Pump  Group  5R714  shown  by  (21) .  36 

5- 1.  Test  Facility  with  Conduit  Evaluation  Equipment 

Installed .  42 

5- 2.  Two  Types  of  Transfer  Functions  Developed  for 

Fluid  Power  Conduit....... . 43 

6- 1.  Airborne  Noise  Level  Versus  Horsepower  for  Valve  2 .  49 

6-2.  Noise  Levels  of  Fluid-borne  and  Airborne  Noise  With 

Respect  to  Flow  Rate .  50 

6-3.  Spectra  of  Pump  and  Valve  Sound  Power  Levels .  51 

6-4.  Fluid-borne  Noise  Levels  Versus  Horsepower  for  Valve  2...  52 

6-5.  Structure -borne  Noise  Level  Versus  Horsepower .  53 

6- 6.  Pressure-Flow  Characteristics  of  Relief  Val'’e  CT1746 .  54 

7- 1.  Proposed  Schedule  for  1973-74  Areas  of  Investigation .  56 

D-l.  Schematic  of  Electronic  Noise  Box  (ENB) . 76 

F-l.  Four-Point  Measurement  Array  for  Non-Reverberant 

Environments  with  Small  Sources .  120 


v 


FOREWORD 


This  report  was  prepared  by  the  staff  of  the  Fluid  Power  Research 
Center  of  the  School  of  Mechanical  and  Aerospace  Engineering  at  Okla¬ 
homa  State  University  of  Agriculture  and  Applied  Science.  The  study 
was  initiated  by  the  Mobility  Equipment  Research  and  Development  Cen¬ 
ter,  Fort  Belvoir,  Virginia.  Authorization  for  the  study  reported  here¬ 
in  was  granted  under  Contract  No.  DAAK02-72-C-0172 .  The  time  period 
covered  by  this  report  is  from  9  November  1972  to  8  November  1973. 

The  Contracting  Officer's  Representative  was  Mr.  Hansel  Y.  Smith, 
and  Mr.  John  Karhnak  served  as  the  Contracting  Otricer's  Technical 
Representative.  In  addition,  Mr.  Paul  Hopler  has  effectively  repre¬ 
sented  the  Contracting  Officer  both  administratively  and  technically 
in  various  phases  of  this  contract.  Tne  active  participation  of  Messrs. 
Smith,  Karhnak,  and  Hopler  during  critical  phases  of  this  work  con¬ 
tributed  significantly  to  the  overall  success  of  the  program.  Project 
members  are  grateful  for  the  assistance  of  Mr.  Sam  Wehr,  U.S.  Army  MERDC, 
and  Mr.  John  Hufeld,  Caterpillar  Tractor  Co. 

In  addition  to  pursuing  the  goals  and  objectives  of  this  contract 
to  fruition,  members  of  the  Fluid  Power  Research  Center  (FPRC)  staff 
have  also  participated  with  MERDC  personnel  in  various  activities  not 
supported  by  the  program.  These  efforts  were  financed  through  the  Basic 
Fluid  Power  Research  (BFPR)  Program,  which  is  a  consortium  of  some  35 
industrial  fluid  power  users  and  suppliers  who  have  sponsored  work  at 
the  FPRC  for  the  past  seven  years.  These  companies  have  recognized  the 
merits  and  the  derivable  benefits  of  this  Hydraulic  Specification  Study 
Program  and  have  readily  contributed  both  time  and  money  to  its  success. 

A  great  many  fluid  power  component  test  procedures  have  been  develop¬ 
ed  and  verified  as  a  result  of  this  program.  The  guidance  and  advice 
of  the  fluid  power  industry  were  heavily  relied  upon  during  all  phases 
of  this  development  and  verification  work.  However, true  industrial  ac¬ 
ceptance  can  only  be  achieved  when  such  test  procedures  receive  national 
and  international  adoption  by  recognized  standard-making  bodies  of  the 
fluid  power  industry.  To  this  end,  members  of  the  FPRC  staff  have  worked 
closely  with  th°  National  Fluid  Power  Association  (NFPA) ,  the  society 
of  Automotive  Engineers  (SAE) ,  the  American  National  Standards  Institute 
(ANSI)  ,  and  the  International  Standards  Organization  (ISO)  . 

Specifically,  in  behalf  of  MERDC  and  the  fluid  power  industry,  the 
FPRC  has  played  an  active  role  in  the  activities  of  the  following  com¬ 
mittees  and  sub-committees: 

*  Filter  and  Separator  Section  of  NFPA 

*  Contamination  Coordinating  Committee  of  NFPA 


/ 


*  Pump  Section  of  NFPA 

*  Valve  Section  of  NFPA 

*  Sound  Measurement  Coordinating  Committee 

*  Sub-Committee  IV  (hydraulic  Components)  of  SAE 

*  Sub-Committee  6  of  TC  131  (Fluid  and  Contamination 
Control)  of  ISO 

*  Sub-Committee  8  of  TC  131  (Component  Testing)  of  ISO 

*  Working  Group  1  of  SC-6  (Filter  Performance  Testing) 

ISO/TC  131 

*  Working  Group  1  of  SC-8  (Sound  Measurement)  ISO/TC  131 

During  the  reporting  period  of  this  document  ,  the  main  efforts 
in  technical  information  transfer  have  been  directed  toward  the  areas 
of  filter  performance,  pump  contaminant  sensitivity,  valve  performance, 
and  sound  measurement.  The  results  of  this  work,  to  date,  served  as 
the  basis  for  eight  nationally  and  internationally  accepted  test  proce¬ 
dures.  The  fruits  of  such  accomplishements  should  prove  very  beneficial 
to  MERQC  in  their  quest  for  adequate  component  control  in  the  procure¬ 
ment  of  conmercial  equipment . 

The  FPRC  team  has  also  assisted  MERDC  in  their  effort  to  effect¬ 
ively  monitor  and  evaluate  the  results  of  tests  using  test  procedures 
developed  under  this  program.  For  example,  a  computer  program  was 
developed  which  rigorously  examines  the  data  accumulated  during  a  multi¬ 
pass  filter  performance  test.  This  program  not  only  reduces  the  data 
to  a  usable  form  but  also  evaluates  the  recorded  data  to  see  that  all 
of  the  test  requirements  have  been  net.  The  success  of  this  computer 
program  together  with  the  industrial  acceptance  of  the  filter  test  pro¬ 
cedures  has  allowed  MERDC  to  issue  a  military  filter  specification  and 
establish  a  well  received  QPL  program- 

This  report  represents  only  one  of  four  major  sections  of  the  annual 
report  on  the  Hydraulic  Specification  Program.  The  titles  of  the  various 
sections  are  listed  below: 

SECTION  I:  Hydraulic  Cylinder  and  Seals  Specification  Study 

SECTION  II:  Hydraulic  System  Controls  Study 

SECTION  III:  Hydraulic  System  Noise  Study 

SECTIOa  IV:  Hydraulic  Hose  Specification  Study 

The  study  represented  by  this  report  was  conducted  under  the  gen¬ 
eral  guidance  of  Dr.  E.  C.  Fitch,  Program  Director.  Mr.  L.  R.  Elliott 
served  as  Project  Engineer  for  the  noise  study  and  was  commendably  guided 
by  Mr.  G.E.  Maroney,  Program  Manager.  Dr.  Fitch,  Mr.  Maroney ,  and  Mr. 
Elliott  were  ably  supported  by  the  Fluid  Power  Research  Center's  Acous¬ 
tics  Laboratory,  experimentally  by  Mr.  T.  G.  Snyder,  Mr.  J.  R.  Wells, 
and  Mr.  S.  E.  Smith,  and  in  general  coordination  by  Mr.  R.  K.  Tessmann. 

This  report  presents  a  detailed  account  of  the  experimental  veri¬ 
fication  part  of  the  hydraulic  noise  study.  Test  procedures  for  the 
measurement  of  hydraulic  component  noise  developed  under  this  contract 
are  presented  and  experimentally  verified.  A  summary  of  the  work  per- 
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formed  on  measurement:  facility  verification  is  presented.  The  acousti¬ 
cal  properties  of  selected  military  fluid  power  components  are  presented 
and  compared  to  a  spectrum  of  current  production  components  from  indus¬ 
try.  Specific  recommendations  are  made  for  continuing  the  effort  to 
understand  and  control  hydraulic  noise. 
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Giapter  I 


INTRODUCTION 


The  importance  of  understanding  the  generation,  transmission,  and 
radiation  of  acoustic  energy  within  and  from  fluid  power  systems  is  in¬ 
creasing  as  the  engineer  in  industry  solves  the  non-fluid  power  oriented 
noise  problems  on  current  production  mobile  equipment.  The  noise  prob¬ 
lems  associated  with  fluid  power  systems  can  be  somewhat  more  complex 
than  other  noise  problems  on  mobile  equipment,  due  to  the  high  concentra¬ 
tion  of  energy  within  a  relatively  small  volume  and  the  necessity  to 
distribute  that  small  volume  and,  hence,  the  energy  to  all  parts  of  a 
machine.  The  magnitude  of  the  difficulties  that  are  to  be  encountered 
during  the  solution  of  any  fluid  power  system  problem  is  evident  only  af¬ 
ter  one  realizes  that  fluid  power  sy-^ems  are  not  point  sources  of  noise. 
They  are  highly  distributed  and  interact  with  other  systems  and  the 
total  machine.  A  knowledge  of  the  interactions  between  components  with¬ 
in  a  given  system  and  the  interactions  of  total  systems  is  mandatory  for 
proper  solution  of  noise  problems  in  complex  machines.  The  starting 
point  to  understanding  these  interactions  is,  logically,  the  measurement 
of  the  acoustical  characteristics  of  the  components  that  make  up  fluid 
power  systems  and  the  systems  which  might  interact  with  the  fluid  power 
system.  The  intelligible  acquisition  of  this  type  of  information  is 
based  to  a  large  degree  upon  the  validity  of  the  data  acquisition  method 
used . 


The  development  of  acceptable  measurement  techniques  is  a  necessary 
and  desirable  by-product  of  the  program  objectives  that  are  diagrammed 
in  Fig.  1-1.  The  combination  of  basic  acoustical  theory  into  a  usable 
and  reliable  form  of  test  procedure  was  the  initial  and  has  been  a  con¬ 
tinuing  effort  at  the  Fluid  Power  Rt ~earch  Center.  Discussion  of  the 
current  status  of  the  proposed  airborne  and  fluid-borne  noise  measure¬ 
ment  procedures  is  presented  in  Chapter  II  of  this  report.  Drafts  of 
the  airborne  and  fluid-borne  test  procedures  are  found  in  Appendices  F 
and  G  respectively. 

Prior  to  implementing  the  test  procedures  discussed  in  Chapter  II, 
the  test  environment  in  which  the  measurements  are  to  be  obtained  must 
be  evaluated  to  determine  its  suitability  as  an  acoustical  test  facility. 

A  discussion  of  the  International  Organization  for  Standardization  (ISO) 
Recommended  Techniques  for  verifying  the  measurement  properties  of  acous¬ 
tical  test  facilities  and  an  experimental  technique  for  optimizing  rever¬ 
berant  environment  diffusivity  are  presented  in  Chapter  III  of  this  re¬ 
port.  The  results  of  the  application  of  both  the  optimization  procedure 
and  the  proper  verification  procedure  on  the  Fluid  Power  Research  Center's 
reverberant  test  facility  are  discussed  in  detail. 
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The  ace  stical  evaluation  of  specific  components  from  the  military 
D7F  Crawler  Tractor  (DV29)  and  the  comparison  of  their  properties  with  ot¬ 
her  production  components  from  the  fluid  power  industry  have  been  major 
objectives  of  the  1972-73  program.  These  objectives  are  graphically  ill¬ 
ustrated  in  Fig.  1-2.  An  extensive  set  of  tests  were  performed  on  pump 
group  5R714  from  the  D7F.  The  pump  group  was  acoustically  evaluated  be¬ 
fore  and  after  contamination  testing.  The  results  of  the  contaminant 
test,  acoustic  tests,  and  acoustical  comparison  of  pump  group  5R714 
with  22  other  fluid  power  pumps  are  presented  in  Chapter  IV. 

It  has  become  evident  that  a  great  deal  of  acoustical  energy  is  con¬ 

tained  in  and  radiated  from  the  conduits  of  fluid  power  systems.  The 
fluid-borne  noise  (pressure  ripple)  in  the  working  fluid  functions  as  a 
driving  force  for  conduit  vibrations.  Vibration  of  the  outer  surface  of 
conduits  can  excite  any  structural  member  to  which  they  are  attached 
or  radiate  pressure  waves  (sound)  directly  into  the  air.  I t  is  possible 
to  derive  transfer  functions  that  will  predict  the  amount  of  airborne 
noise  that  can  be  expected  from  a  given  number  of  feet  of  a  particular 
type  of  conduit  for  a  known  fluid-borne  noise  forcing  function.  This 
type  of  information  is  necessary  if  one  of  the  ultimate  objectives  is  the 

prediction  of  fluid  power  system  noise  levels.  The  deriviation  of  conr 

duit  transfer  functions  and  a  comparison  of  the  predicted  and  experimental 
results  of  tests  performed  on  two  54"  sections  of  3/4"  Caterpillar  flex¬ 
ible  conduit  and  two  54"  sections  of  1"  Caterpillar  flexible  conduit  are 
presented  in  Chapter  V. 

Two  versions  of  the  military  relief  valve  5R717  were  examined  to  de¬ 
termine  their  acoustical  output.  The  housings  for  the  two  relief  valves 
were  different.  The  military  version  (5R717)  is  built  within  a  large 
manifold,  and  the  commercial  version  (6J1746)  contains  standard  pipe- 
threaded  ports.  The  pressure-flow  characteristics  of  the  6J7146  mlief 
valve  are  presented  with  the  results  of  the  airborne  noise  measurements  in 
Chapter  VI. 

Chapter  VII  contains  a  discussion  of  the  progress  that  has  been 
accomplished  on  the  contract  extension  which  started  June  1973.  The  final 
chapter  contains  a  brief  summary  of  the  material  presented  in  this  report, 
conclusions  that  may  be  drawn  from  the  material  present  herein,  and  spec¬ 
ific  recommendations  based  on  the  results  contained  in  this  report. 
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CHAPTER  II 


TEST  PROCEDURE  DEVELOPMENT  &  UTILIZATION 

The  goals  of  the  1 7 2  —  * 7 3  project  and  the  *73—  * 74  project  are  pre¬ 
dicated  on  the  availability  and  use  of  acceptable  acoustical  test  proce¬ 
dures.  The  industrial  acceptance  of  an  airborne  test  procedure  for 
pump  noise  during  the  past  year  adds  validity  to  the  data  presented  in 
this  report,  since  the  reported  data  were  obtained  using  a  test  code 
which  complies  with  the  accepted  method.  Because  of  the  dynamic  status 
of  noise  test  codes  for  fluid  power  components,  it  is  imperative  that 
project  personnel  actively  participate  in  the  development  and  verifica¬ 
tion  of  those  procedures.  The  active  participation  of  project  members 
will  insure  the  proper  interpretation  of  the  data  acquired  on  this  pro¬ 
ject  . 

This  chapter  summarizes  the  development  of  test  codes  for  measuring 
hydraulic  component  airborne  noise  (ABN)  and  fluid-borne  noise  (FBN) . 
Structure-borne  noise  (SBN)  measurement  methods  are  also  discussed  in 
this  chapter.  Proposed  procedures  for  measuring  fluid  component  air¬ 
borne  and  fluid-borne  noise  are  presented  in  Appendices  F  and  G  respec¬ 
tively.  Specific  methods  used  to  obtain  the  results  reported  in  this 
document  are  compared  to  the  recommended  procedures. 

-TEST  CODE  —  AIRBORNE  NOISE  - 


The  1972  Annual  Report,  "Hydraulic  System  Noise  Study,"  (AD  757776) 
presented  a  "Test  Code  for  Measuring  and  Reporting  Airborne  Noise  Emit¬ 
ted  By  Hydraulic  Fluid  Power  Pumps,"  which  was  developed  by  a  Tri-Level 
Conference  on  Noise.  The  Tri-Level  Conference  was  convened  by  the 
American  National  Standards  Institute,  the  U.S.  Technical  Advisory  Group 
(USTAG)  to  the  International  Organization  for  Standardization  (ISO),  and 
the  National  Fluid  Power  Association.  One  project  member  participated 
in  the  Tri-Level  Conference  and  subsequently  was  elected  as  a  U.S.  member 
of  ISO  Working  Group  I  to  Sub-Committee  8,  Technical  Committee  131 
(ISO/TC  131/SC8/WG1) . 

Appendix  F  presents  a  "Test  Code  for  Measuring  and  Reporting  Sound 
Generated  by  Hydraulic  Pumps,"  which  is  a  draft  of  the  thinking  outlined 
by  ISO/TC  131/SC8/WG1  during  their  first  meeting  of  3-4  May  1973.  The 
document  developed  by  the  Tri-Level  Conference  served  as  a  starting  point 
for  the  WG1  document.  WG1  members  established  excellent  rapport  during 
their  first  meeting.  It  is  anticipated  that  the  document  they  develop 


will  be  realistic  and  practical.  The  schedule  established  by  WG1  in¬ 
cludes  forwarding  a  final  draft  document  to  SC8  by  June  1974. 


The  basic  approach  outlined  in  the  WG1  test  code  can  rea<.  ly  be 
extended  to  hydraulic  motors,  valves,  and  conduits.  The  procedure  is 
consistent  with  previous  NFPA  documents  and  thus  should  be  well  accepted 
by  the  U.S.  fluid  power  industry. 

For  a  given  operating  condition,  the  WG1  test  code  requires  the  re¬ 
porting  of  sound  power  level  at  each  octave  center  frequency  between  125 
Hz  and  8000  Hz  plus  the  weighted  sound  power  of  the  pump  in  dBA. 

All  of  the  airborne  noise  data  presented  in  this  report  were  ob¬ 
tained  using  a  test  method  which  is  consistent  with  the  requirements 
presented  in  Appendix  F.  The  data  obtained  using  a  test  facility  which 
meets  the  ISO  performance  requirements  of  a  precision  reverberant  en¬ 
vironment  . 

Project  personnel  plan  to  follow  the  development  of  the  airborne 
noise  test  code  by  participating  in  WG1 .  The  WG1  meeting  is  scheduled 
for  May  1974.  It  is  anticipated  that  WG1  will  be  able  to  extend  the 
basic  test  code  to  airborne  noise  test  codes  for  other  hydraulic  com¬ 
ponents  . 


-  TEST  CODE  —  FLUID-BORNE  NOISE  - 


Development  of  a  test  code  for  measuring  and  reporting  the  fluid- 
borne  noise  generated  by  hydraulic  pumps  appears  to  have  been  relegated 
to  a  secondary  position  by  the  industry.  This  is  probably  due  to  the 
fact  that  the  industry  has  more  experience  with  airborne  test  code  devel¬ 
opment  . 

Appendix  G  presents  one  approach  to  measuring  pump  fluid-borne 
noise.  The  basic  approach,  represented  by  the  document  in  Appendix  G  is 
to  install  an  attenuator  downstream  of  the  pump  which  attenuates  the 
pump  ripple  such  that  no  acoustic  energy  is  reflected  back  to  the  pump. 
This  approach  "eliminates"  standing  waves  in  the  high  pressure  line, 
creating  essentially  a  "free-field”  environment  for  pressure  measure¬ 
ments.  Resultant  pressure  measurements  between  the  pump  and  the  at¬ 
tenuator  could  be  related  to  the  pump  flow  ripple  given  the  apparent 
bulk  modulus  in  the  high-pressure  line  and  the  volume  of  the  line. 

Another  approach  recommended  for  measuring  pump  flow  ripple  effects 
is  based  on  locating  the  load  device  directly  adjacent  to  the  pump.  This 
approach  would  minimize  the  effects  of  standing  waves  if  the  connecting 
line  were  short  enough  so  that  the  first  standing  wave  frequency  was 
well  above  the  fundamental  frequency  of  the  pump. 

The  first  method  requires  the  use  of  an  "anechoic  termination"  in 
each  each  facility.  One  project  objective  for  next  year  is  the  evalua- 
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tion  of  an  attenuator  which  is  advertised  to  provide  a  fluid-borne  noise 
anechoic  termination. 


The  second  method  requires  the  use  of  a  relatively  short  (3"  or 
less)  outlet  Tubing.  The  small  volume  of  the  outlet  conduit  could  make 
it  difficult  to  accurately  determine  an  "apparent"  bulk  modulus.  One 
solution  to  this  problem  might  be  a  standard  test  fixture.  This  approach 
will  be  studied  during  next  year's  investigations. 

It  is  anticipated  that  NFPA  will  initiate  a  fluid-borne  noise  test 
code  development  effort  during  the  next  year.  Project  members  will  co¬ 
operate  in  every  possible  manner  to  help  insure  that  this  important  area 
progresses  at  a  reasonable  rate.  Regardless  of  industrial  efforts,  the 
project  will  be  used  for  future  fluid-borne  measurements. 

Th/  fluid-bortje  noise  data  reported  in  this  document  are  reported 
relative  to  20pN/M  .  The  pump  data  were  obtained  using  basically  the 
same  fluid  circuit  for  each  test.  For  the  pump  tests,  a  pressure  trans¬ 
ducer  was  located  adjacent  to  the  pump  outlet.  The  measurements  are 
relative  but  should  not  be  considered  absolute,  since  they  would,  in  gen¬ 
eral,  be  different  in  a  different  hydraulic  circuit.  The  performance 
parameter  of  interest  relative  to  the  pump  is  the  flow  ripple  as  a 
function  of  pressure,  viscosity,  shaft  speed,  etc. 

The  fluid-borne  noise  reported  for  the  relief  valves  was  recorded 
using  one  transducer  in  the  high-pressure  line  adjacent  to  the  valve. 
These  measurements  are  a  function  of  the  pump  and  the  circuit.  But,  the 
resultant  spectra  of  level  versus  frequence  should  show  any  special  noise 
contributions  due  to  the  valve. 

The  measurements  of  fluid-borne  noise  associated  with  the  hydraulic 
conduits  were  made  using  three  transducer  locations.  The  three  measure¬ 
ments  were  averaged  to  establish  the  correlations  between  fluid-borne 
noise  and  airborne  noise  for  the  conduits. 


-  TEST  CODE  —  STRUCTURE-BORNE  NOISE  - 


The  structure-borne  noise  data  presented  in  this  report  were  obtain¬ 
ed  using  the  guidelines  presented  in  Mil-Std-740B .  All  measurements  on 
the  pumps  and  valves  were  made  using  a  magnetic  attaching  device.  The 
measurements  on  the  conduits  were  made  by  fastening  the  transducer  to 
a  threaded  stud,  which  was  welded  to  a  hose  clamp  fastened  to  the  conduit. 

Single-point  measurements  at  various  locations  on  the  pumps  and 
valves  were  made  for  comparison  purposes  only.  A  direct  correlation  be¬ 
tween  structure-borne  measurements  and  airborne  measurements  would  nor¬ 
mally  require  a  large  amount  of  structure-borne  data. 

Structure-borne  measurements  on  the  conduits  were  the  result  of  an 
average  of  three  measurements  at  each  axial  location.  Each  of  the  three 
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measurements  at  one  axial  position  was  made  at  a  different  angular  orien¬ 
tation  on  the  surface  of  the  conduit. 

Component  airborne  noise  is  the  integrated  result  of  structure-borne 
noise,  which  in  turn  causes  airborne  noise.  In  both  cases,  structure- 
borne  noise  is  the  intermediate  vibration.  Because  of  the  importance  of 
fluid-borne  and  airborne  noise  test  codes,  project  personnel  have  concen¬ 
trated  on  these  areas.  No  major  development  effort  on  a  structure-borne 
test  code  is  anticipated  until  the  airborne  and  fluid-borne  procedures 
are  completed. 
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CHAPTER  III 


FACILITY  VERIFICATION 


INTRODUCTION  - 


Through  growing  concern  and  legislation  on  noise  ocntrol  ,  it  has  be¬ 
come  essential  that  acoustical  test  facilities  can  be  able  to  produce  ac¬ 
curate  and  repeatable  acoustical  measurements,  before  testing  programs 
can  be  initiated  which  yield  reproducible  results,  the  performance  of  ac¬ 
oustical  environments  must  be  evaluated.  Meaningful  comparison  of  data 
produced  by  different  measurement  facilities  is  dependent  on  the  accuracy 
obtained  within  each  facility.  Guidelines  have  been  set  forth  by  the 
International  Organization  for  Standardization  (ISO)  for  the  verification 
of  acoustical  environments.  The  ISO  procedures  allow  precision  measure¬ 
ments  to  be  made  in  anechoic,  semi-anechoic ,  and  reverberant  environments 
which  meet  specific  requirements.  In  accordance  with  these  guidelines,  a 
verification  of  the  measurement  properties  of  the  OSU-FPRC  reverberant 
environment  has  been  performed. 

Diffusivity  is  a  measure  of  the  variation  of  sound  level  in  a 
reverberant  environment  [1] .  The  repeatability  that  can  be  achieved 
in  a  reverberant  facility  is  directly  related  to  the  diffusivity  that  is 
attained  in  the  environment.  Diffusivity  modification  in  reverberant 
environments  can  be  attained  through  the  use  of  rotating  planes  and  mov¬ 
ing  microphones.  Three  diffusers  are  used  in  the  Fluid  Power  Research 
Center's  Reverberant  Room  to  improve  its  diffusivity.  Fig.  3-1  shows  the 
effect  of  the  three  diffusers  on  measurement  standard  deviation  for  dif¬ 
ferent  pure  tone  sounds  and  varying  diffuser  RPM.  Figs.  3-la  and  3-lb 
are  two-dimensional  planes,  and  Fig.  3-lc  is  a  three  dimensional  diffuser. 

From  Figs.  3-la  and  3-lb,  it  is  seen  that  the  large  two-dimensional 
diffusers  are  very  effective  in  dispersing  low-frequency  standing  waves. 
Large  two-dimensional  diffusers  are  practical  for  several  reasons.  One 
reason  being  simplicity  of  design.  A  thorough  discussion  of  the  advant¬ 
ages  and  disadvantages  of  both  types  of  diffusers  is  presented  in  Ref.  [2]. 

-  DIFFUSIVITY  OPTIMIZATION  - 

There  are  several  guidelines  that  can  be  used  to  optimize  the  dif¬ 
fusivity  of  acoustical  environments  [2].  The  recommended  sound  source  to 
be  used  in  determining  the  optimal  diffuser  speed  is  pure  tone,  since  the 
largest  variation  in  sound  occurs  with  this  type  of  signal.  The  sound- 
producing  equipment  should  not  be  a  significant  source  of  noise  variation. 
With  the  microphone  at  one  position  and  without  diffusers  in  operation,  the 
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Fig.  3-1.  Pure  Tone  Standard  Deviation  in  OSU-FPRC  Reverberant  Facility 
for  Each  of  Three  Diffusers  Operating  Separately  at  Various  Speeds. 


the  stability  of  the  source  and  instrumentation  will  be  indicated  by  the 
amount  of  variation  of  the  measured  sound  level.  Fig.  3-2  shows  the  dif¬ 
ference  in  standard  deviation  that  should  occur  for  several  measurements 
at  one  position  and  one  measurement  at  several  positions. 

The  first  step  in  diffusivity  optimization  is  locating  the  frequency 
with  the  largest  standard  deviation  for  a  given  facility.  This  frequency 
will  normally  be  the  lowest  frequency  of  interest.  This  critical  fre¬ 
quency  may  be  located  experimentally  by  measuring  the  sound  level  at  six 
or  more  positions  in  the  room  for  each  1/3  octave  center  frequency  with¬ 
out  the  diffusers  operating.  The  standard  deviation  may  be  approximated 
with  the  equation: 

o  =  X  .  R 

o  =  standard  deviation 
R  =  range  of  the  measurements 
X  =  constant  from  Table  3-1 


TABLE  3-1:  Constant  Factors  for  Standard  Deviation  Approximation 


Number  of  Measurements 

o/.R  =  X 

O 

0.886 

'A 

0.591 

4 

0.486 

5 

0.430 

6 

0.395 

_ 

Optimal  diffuser  speeds  are  determined  using  curves  of  standard  de¬ 
viation  versus  diffuser  rpm,  such  as  shown  in  Fig.  3-1.  Once  the  diff¬ 
user  speeds  are  selected,  facility  verification  can  begin.  Fig.  3-3  shows 
the  magnitude  of  standard  deviation  without  diffusers  in  operation  and 
with  diffusers  operating  in  the  OSU-FPRC  or  acoustical  test  facility.  The 
standard  deviations  shown  in  Fig.  3-3  were  obtained  using  10  and  6  micro¬ 
phone  positions  for  the  no-diffuser  and  diffuser  curves  respectively. 

-  REVERBERANT  FACILITY  VERIFICATION  AT  OSU  FPRC  - 


The  latest  ISO  recommended  procedures  for  verification  of  the  mea¬ 
surement  properties  of  acoustical  test  facilities  contain  techniques  for 
broad-band  and  pure-tone  noise  sources.  A  minimum  of  six  measurements 
are  required  at  each  center  frequency  of  interest.  The  standard  dev  ation 
is  computed  with  the  following  equation: 
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Fig.  3-3.  Pure  Tone  Standard  Deviation  Versus  Frequency  for  OSU-FPRC  Reverberant  Facility. 
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N  1/2 

s  =  [  £  (x  -  x)  z]  (N  -  1) 

1  =  1 

Where:  3  =  standard  deviation  ^ 

=  sound  level  measurement  at  i  position  in  decibels 

X  =  arithmetic  mean  of  N  measurements  in  decibels 

Fig.  3-4  shows  verification  results  as  standard  deviation  versus  frequency 
for  broad-band  sources.  Fig-  3-5  shows  the  verification  results  for  a 
pure-tone  source.  The  standard  deviation  of  an  acoustical  measurement 
facility  must  he  less  than  the  maximum  allowable  standard  deviation  shown 
in  the  two  figures  to  be  used  as  a  precision  measurement  facility  accord¬ 
ing  to  the  recommendations  fo  the  International  Organization  for  Standard¬ 
ization. 


-  CONCLUSION  - 


Verification  of  measurement  facilities  is  a  must  in  order  tn  obtain 
repeatable  and  reproducible  data.  The  ISO  recommendations  provide  a  prac- 
ticle  analysis  of  acoustical  properties  of  measurement  facilities.  Ac¬ 
cording  to  ISO  recommended  test  procedures  the  OSU-FPRC  Acoustical  Test 
Facility  is  a  precision  environment. 
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CHAPTER  IV 


EXPERIMENTAL  EVALUATION  OF  THE  NOISE  PRODUCED  BY  FLUID  POWER  PUMPS 

-  INTRODUCTION  - 


A  major  portion  of  the  total  effort  in  acoustics  at  the  Fluid  Power 
Research  Center  has  been  directed  toward  measurement  of  the  noise  generat¬ 
ed  by  fluid  power  pumps.  All  three  types  of  noise  (ABN,  FBN,  and  SBN) 
have  been  considered,  with  the  greater  advances  being  attained  in  the  area 
of  ABN  measurement.  The  experimental  evaluation  presented  in  this  chap¬ 
ter  serves  two  purposes.  The  airborne  noise  data  obtained  during  the 
measurement  of  the  survey  pumps  provides  an  indication  of  the  rankorder¬ 
ing  capability  of  tue  airborne  noise  test  procedure  which  is  discussed  in 
Chapter  II.  The  data  compiled  during  the  measurement  cf  a  spectrum  of 
fluid  power  pumps  provides  a  basis  for  comparing  the  5R/14  pump  group  for 
the  military  crawler  tracter  D7F(DV29)  with  the  noise  levels  produced  by 
comparable  fluid  power  pumps. 

Thu  5R714  pump  group  which  consists  of  one  dual  pump  was  subjected  to 
a  series  of  tests  that  are  outlined  in  Table  4-1.  Each  of  the  five  num¬ 
bered  tests  is  a  series  of  tests  designed  to  provide  information  about  the 
pump  group  through  out  its  operating  range.  All  of  the  tests  were  per¬ 
formed  on  the  same  pump  group.  The  series  of  tests  indicated  by  Tests  1, 

2,  4,  and  5  were  conducted  in  the  OSU-FPRC  acoustics  laboratory  reverber¬ 
ant  facility.  Test  number  3  was  carried  out  in  accordance  with  OSU-P-7 
(the  latest  version  of  the  contaminant  sensitivity  test  for  fluid  power 
pumps)  . 

TABLE  4-1 

TEST  SEQUENCE  AND  CODING  FOR  PUMP  GROUP  5R714  FOR  THE  MILITARY  D7F(DV29) 


Test 

Test  Code 

Test 

Load 

No. 

OSU-NP- 

Pump  Group  Configuration 

Type 

Devi ce 

1 

21 

As  Received 

ABN, FBN, SBN 

Needle  Valve 

2 

97 

As  Received 

ABN, FBN, SBN 

Relief  Valve 

3 

21 

As  Received 

Contaminat ion 

Needle  Valve 

4 

98 

After  Contamination 

Test 

ABN,  FBN,  SBN 

Needle  Valve 

5 

99 

After  Contamination 

Test 

ABN, FBN, SBN 

Relief  Valve 

21 


-  ACOUSTICAL  EVALUATION  OF  MILITARY  PUMP  GROUP  5R714  AS  RECEIVED  - 


The  acoustical  characteristics  of  the  pump  group  (in  its  new  con¬ 
dition)  were  determined  by  Tests  1  and  2.  .Airborne  and  fluid-borne  noise 
measurements  were  obtained  at  each  of  the  four  sets  of  operating  condi¬ 
tions  shown  in  Table  4-2.  Unless  otherwise  stated,  the  operating  pressure 
of  the  pump  group  was  the  same  for  both  pump  outlets.  Structure-borne 
measurements  were  made  at  2080  RPM  and  1875  PSI. 


TABLE  4-2 

TEST  CONDITIONS  FOR  PUMP  GROUP  5R714  ACOUSTICAL  EVALUATION 


Test 

Shaft  Speed 

System  Pre 

Condition 

(RPM) 

(PSI) 

1 

2080 

1875 

2 

2080 

200 

3 

600 

1875 

4 

600 

60 

The  results  of  the  Test  Number  1  from  Table  4-1  are  shown  in  Figs. 
4-1  and  4-2.  The  airborne  noise  levels  are  presented  in  Fig.  4-1,  and  the 
fluid-borne  noise  levels  are  contained  in  Fig.  4-2.  It  is  evident  from 
Fig.  4-1  that  the  airborne  noise  is  more  adversely  dependent  upon  the  shaft 
speed  than  system  pressure.  The  same  trend  can  be  seen  in  the  fluid-borne 
noise  plot  (Fig.  4-2) .  The  fluid-borne  noise  level  is  significantly  more 
dependent  upon  the  shaft  speed  of  the  pump  that  on  the  operating  pressure 
of  the  system.  This  trend  has  been  observed  to  be  true  for  all  of  the 
pumps  tested  thus  far  at  the  Fluid  Power  Research  Center.  A  more  thorough 
discussion  of  this  phenomena  will  be  presented  later  in  this  chapter. 


-  CONTAMINANT  SENSITIVITY  TEST  OF  MILITARY  PUMP  GROUP  5R714  - 


After  Tests  1  and  2  from  Table  4-1  were  completed,  the  5R714  pump 
group  was  removed  from  the  acoustical  test  facility  and  installed  in  the 
Fluid  Power  Research  Center's  pump  contaminant  sensitivity  test  stand.  The 
results  of  the  contaminant  sensitivity  test  performed  according  to  OSU- 
P-7  are  shown  in  Table  4-3  and  plotted  in  Fig.  4-3.  A  lengthy  discus¬ 
sion  of  component  contaminant  testing  will  not  be  presented  in  this  text; 
the  subject  is  more  than  adequately  covered  in  Ref.  [3]. 


TABLE  4-3 


CONTAMINANT  TOLERANCE  PROFILE  OF  PUMP  GROUP  5R714  FOR  1000  HOUR  LIFE 


Size 

No.  >  Size 

200.00 

2.6375E-02 

160.00 

5. 1375E-02 

120.00 

1 • 2309E-01 

100.00 

2.0512E-01 

80.00 

3.7700E-01 

70.00 

5 . 3325E-01 

60.00 

8.0669E-01 

50.00 

1.5567E-00 

40.00 

3.7442E  00 

30.00 

1.1682E  01 

20.00 

5.5557E  01 

15.00 

1.5774E  02 

10.00 

6  -  5774E  02 

5.00 

4 . 1952E  03 

4.00 

7 . 0702E  03 

3.00 

1.2476E  04 

2.00 

2. 3414E  04 

1.00 

3.7789E  04 

-  ACOUSTICAL  EVALUATION  OF  MILITARY  PUMP  GROUP  5R714 
AFTER  CONTAMINANT  TESTING  - 

The  5R714  pump  group  was  installed  in  the  reverberant  test  facility 
after  completion  of  the  contaminant  testing,  and  a  second  series  of  acous¬ 
tical  tests  were  performed.  The  second  series  of  tests  was  identical  in 
every  way  to  the  tests  performed  on  the  pump  group  before  contaminant  test¬ 
ing.  The  results  of  those  tests  are  plotted  in  Figs.  4-4  and  4-5.  Fig. 

4-4  contains  the  results  of  the  airborne  noise  evaluation,  while  the  fluid- 
borne  noise  data  are  plotted  in  Fig.  4-5. 

Comparison  of  Figs.  4-1  and  4-4  indicates  the  airborne  noise  level 
of  the  pump  group  at  the  lowest  horsepower  test  condition  increased  .15 
dBA  after  contamination  testing.  The  two  intermediate  horsepower  points 
inverted  with  one  increasing  5  dBA  and  the  other  decreasing  3  dBA.  The 
maximum  horsepower  point  was  essentially  unaffected  by  the  degradation 
caused  by  contaminant  testing. 

Similar  results  are  evident  upon  comparison  of  the  fluid-borne  noise 
data  in  Figs.  4-2  and  4-5.  The  low  horsepower  point  increased  10  dBA,  and 
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FBN  levels  for  pump  group  5R714  tested  as  received.  FBN 
measurements  are  for  end  pump  of  pump  group.  Pressures  shown 
are  the  same  for  both  pump  outputs,  Point  (A),  2080  RPM,  1875 
PSI,  end  pump,  200  PSI  shaft  pump.  Point  (B) ,  2080  RPM,  1875 
PSI  with  relief  valve  loading.  All  other  points  use  needle 
valve  load . 
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NUMBER  OF  PARTICLES  PER  MILLILITER  GREATER  THAN  INDICATED  SIZE 


‘ AMINA  TrQfo  i'.HAH 
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PARTICLE  SIZE  ,  micrometers 

Fig.  4-3.  Contaminant  Tolerance  Profile  of  Pump  Group  5R714  for  1000  Hour  Life. 
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4-4.  ABN  levels  for  pump  group  5R714  after  contaminant  test. 

Pressures  shown  are  the  same  for  both  pump  outputs,  Point 
(A)  2080  RPM,  1875  PSI ,  with  relief  valve  loading.  All 
other  points  use  needle  valve  load. 
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Fig.  4-5 . 


FBN  levels  for  pump  group  5R714  after  contaminant  test. 

FBN  measurements  are  for  end  pump  of  pump  group.  Pressures 
shown  are  the  same  for  both  pump  outputs  Point  (A)  2080  RPM, 
1875  PSI  with  relief  valve  loading.  All  other  points  use 
needle  valve  load. 
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the  maximum  horsepower  condition  remained  unchanged.  The  two  intermediate 
points  alternately  increased  11  dBA  and  decreased  3.5  dBA. 

The  data  compiled  during  the  examination  of  one  pump  or  any  small 
number  of  pumps  does  not  provide  sufficient  information  upon  which  broad 
generalities  may  be  based.  It  is  for  this  reason  that  a  theory  of  cause 
and  effect  concerning  the  noise  level  changes  before  and  after  contami¬ 
nation  testing  of  pump  group  5R714  will  not  be  presented  to  any  extent 
other  than  to  note  that  the  changes  were  consistent  in  both  direction  and 
magnitude  for  fluid-borne  and  airborne  noise. 


-  STRUCTURE-BORNE  NOISE  LEVELS  FOR  MILITARY  PUMP  GROUP  5R174  - 


As  discussed  in  Chapter  II,  the  fluid  power  industry  does  not 
possess  an  acceptable  procedure  for  the  measurement  of  structure -borne 
noise  (SBN)  .  There  are  several  reasons  that  preculde  the  development  of 
an  easily  implemented  SBN  measurement  procedure.  One  of  these  reasons  in¬ 
cludes  the  number  of  measurements  that  must  be  taken  to  provide  an  ac¬ 
curate  estimate  of  the  vibration  level  of  any  surface.  Due  to  the  lack 
of  an  acceptable  SBN  test  procedure  and  the  difficulties  involved  with 
the  development  of  such  a  procedure,  very  little  structure-borne  noise 
data  have  been  accumulated  at  the  Fluid  Power  Research  Center.  The 
data  presented  in  Table  4-4  were  obtained  by  placing  the  measurement 
transducer  (magnetically  held  accelerometer)  at  the  same  position  on  the 
pump  for  each  test  condition.  The  reference  vlues  for  computation  of 
decibel  structure-borne  noise  levels  are  shown  at  the  bottom  of  Table 
4-4. 


-  ACOUSTICAL  COMPARISON  OF  PUMP  GROUP  5R714 
WITH  A  SURVEY  OF  FLUID  POWER  PUMPS  - 


One  of  the  major  objectives  of  the  acoustical  evaluation  program 
for  1973  has  been  the  comparison  of  the  acoustical  characteristics  of 
military  pump  group  5R714  with  a  survey  of  the  acoustical  characteristics 
of  current  production  fluid  power  pumps.  The  greatest  difficulty  en¬ 
countered  throughout  the  program  is  that  of  determining  a  meaningful 
basis  of  comparison.  If  pumps  are  compared  on  total  sound  power  alone, 
only  the  directly  radiated  airborne  noise  is  considered  during  the  com¬ 
parison.  It  is  conceivable  that  a  very  quiet  pump,  with  respect  to  the 
directly  radiated  energy,  could  possess  a  very  high  fluid-borne  noise 
level.  The  high  fluid-borne  noise  level  would  produce  high  fluid  power 
system  noise  levels,  which  could  not  be  predicted  from  the  airborne 
noise  radiated  from  the  pump.  It  should  be  pointed  out  that  a  pump  that 
has  a  high  airborne  noise  level  generally  has  a  high  fluid-borne  noise 
level,  see  Fig.  4-6.  Therefore,  fluid  power  pumps  cannot  be  compared  by 
an;.’  one  measurement  to  determine  which  pump  is  best  to  minimize  noise 
in  a  given  fluid  power  system. 
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TABLE  4-4 


SBN  LEVELS  FOR  PUMP  GROUP  5R714 


Total  Levels 

(dBA) 

Configuration 

Location 

Acc 

Vel 

Dis 

New  N.V.  Load 

Right  Side 

131.8 

122.1 

124.4 

Rear 

135.4 

126.5 

133.1 

Rear 

136.9 

127.9 

131.2 

Mounting 

Flange 

Right  Side 

132.8 

125.5 

131.1 

New  R.V.  Load 

Right  Side 

132.0 

122.3 

125.3 

Worn*  N.X.  Load 

Rear 

134..0 

126.2 

133.0 

Ri  ght  Side 

132.4 

124.8 

133.4 

Mounting 

Flange 

Right  Side 

133.8 

126.5 

134.3 

Worn*  R.V.  Load 

Right  Side 

134.7 

130.7 

140.2 

Rear 

132.5 

127.4 

136.6 

REFERENCE  LEVELS 

-5  2 

10  m/S 

10“8  m/S 

in'11 

10  m 

All  vibration  levels  measured  at 

2080  RPM, 

1875  PSI. 

*After  contamination  testing. 

If  it  is  desired  to  provide  a 

comparison  that  will  indicate  which 

of  two  pumps  will  minimize  the  sound  level  of  a  given  fluid  power  system, 
all  of  the  acoustical  noise  levels(ABN,  FBN,  SBN)  must  be  measured  for 
the  components  to  be  compared.  As  mentioned  previously,  structure-borne 
noise  levels  were  not  measured  at  all  for  the  survey  pumps  due  to  the 

lack  of  an  acceptable  measurement  procedure.  Hence,  only  the  airborne  and 
fluid-borne  noise  levels  will  be  compared  in  this  report. 

The  airborne  noise  data  taken  on  military  pump  group  5R714  before 
contamination  testing  and  with  needle  valve  loading  is  compared  with  the 
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Fig.  4-6.  ABN  Versus 


FBN  for  Pump  Group  5R714  (NP-21)  and  Four  Survey 


data  obtained  from  a  survey  of  the  airborne  noise  levels  of  fluid  power 
pumps  in  Fig.  4-7.  The  pump  survey  data  is  presentcd  in  the  form  of 
histograms  for  each  test  condition.  The  noise  level  of  pump  group  5R714 
is  marked  by  (21)  on  the  abscissa  for  each  test  condition.  For  the  com¬ 
parison  shown  in  Fig.  4-7,  pump  group  5R714  appears  to  be  slightly  high¬ 
er  in  directly  radiated  sound  than  the  mean  of  the  pumps  in  the  survey. 

It  should  be  noted  that  the  flow  rate,  hence  the  output  horsepower,  is 
considerably  higher  for  pump  group  5 R7 1 4  than  the  mean  horsepower  of  the 
survey  pumps.  Recognizing  this  fact,  a  plot  of  total  sound  power  (dBA) 
per  horsepower  would  rate  pump  group  5R714  below  the  mean  (dBA/HP)  for 
the  survey  pumps.  Fig.  4-8  contains  histograms  of  (dBA/HP)  for  the  sur¬ 
vey  pumps  with  the  (dBA/HP)  level  for  pump  group  5R714  marked  on  the  ab¬ 
scissa  by  (21)  . 

The  same  type  of  plots  are  presented  for  fluid-borne  noise  in  Figs. 
4-9  and  4-10.  The  fluid-borne  noise  (FBN)  and  the  FBN/HP  level  of  pump 
group  5R714  is  slightly  below  the  mean  fluid-borne  noise  level  and  mean 
FBN/HP  for  the  survey  pumps.  Again,  the  comparison  of  both  noise  level 
and  noise  level  per  horsepower  are  necessary  to  adequately  rate  the  pump. 

A  third  method  of  comparison  contrasts  the  slopes  of  the  sound 
power  versus  horsepower  graph  shown  in  Fig.  4-1  with  the  mean  of  the 
slopes  generated  by  the  survey  pumps.  The  mean  slopes  of  the  survey  pumps 
are  represented  by  Eqs.  4-1  and  4-2: 

ASPL  =  2.0  log  (AP) 

ASPL  -  4.2  log  (AN) 

AP  =  change  in  pump  output  pressure 
AN  =  change  in  pump  shaft  speed 
ASPL  =  change  in  sound  power  level 

In  contrast,  the  same  type  of  equations  for  pump  group  5R714  are: 


ASPL  =4.25 

logio 

(AP) 

ASPL  =  4.75 

logio 

(AN) 

It  is  evident  from  the  coefficient  of  the  log  term  that  the  sound  pressure 
level  of  pump  group  5R714  decreases  more  rapidly  with  decreasing  horse¬ 
power  than  the  average  of  the  survey  pumps. 

The  overall  survey  results  are  presented  in  Table  4-5. 


(4-1) 

(4-2) 


) 
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Pig. 4-8  Histograms  of  dBA/Horsepower  for  Survey  Pumps  with  dBA/H.P.  for  Pump  Group  5R714  Shown  By  (21). 


Histograms  of  FBN  for  Survey  Pumps  W 


Fig.  4-10.  Histograms  of  FBN/Horsepower  for  Survey  Pumps  with  FBN  Level  for  Pump  Group  5R714  Shown  by  (21 ). 


CHAPTER  V 


CONDUIT  EVALUATION 


Prediction  of  fluid  power  system  sound  levels  is  dependent  upon  the 
accuracy  with  which  one  can  estimate  the  sound  level  of  the  components 
that  make  up  the  system.  Systems  consist  of  both  active  and  passive  com¬ 
ponents  with  respect  to  acoustic  energy  generation.  Fluid  power  pumps 
and  valves  can  be  considered  active  acoustic  components  because  they  us¬ 
ually  generate  noise.  Reservoirs  and  conduits  are  usually  passive  acous¬ 
tic  components  because  they  do  not  normally  generate  noise  as  a  by-product 
of  their  normal  function  within  the  system.  Passive  components  must  be 
forced  by  some  form  of  energy  transmission  to  produce  noise.  This  chap¬ 
ter  considers  the  airborne  noise  produced  by  two  types  of  fluid  power 
conduit  for  a  known  fluid-borne  noise  forcing  function.  The  conduits  used 
during  this  evaluation  were  supplied  by  Caterpillar  Tractor  Co.  and  are 
hose  assemblies  from  the  military  D7F(DV29).  Two  54"  hose  assemblies 
connected  together  were  used  during  the  experimental  phase  of  this  portion 
of  the  program.  Two  diameters  of  hose  (1"  =  //I  and  3/4"  =  It 2)  were  test¬ 
ed  . 


The  fluid-borne  noise  level  was  measured  at  three  positions  in  the 
conduit.  The  use  of  three  transducer  positions  allows  the  computation  of 
the  maximum  dynamic  pressure  level  in  the  conduit  by  using  Eq .  (5-1): 

,  ,  ,,  „  ^  1  / 10  , ,  ,.,^3/10  -  0  P,  „L2 /1 0  N  ,  ,  1  ,r 

Lx  =  10  log  (10  +10  2  cos2K610  )  +  log10  ?K5  (5-1) 

Where:  K  =  frequency/phase  velocity 

L^=  measured  level  at  conduit  inlet 

L^=  measured  level  at  conduit  midsectian 

L^=  measured  level  at  conduit  outlet 

6=  distance  between  measurement  posi¬ 
tions 

By  measuring  the  ABN,  FBN,  and  SBN  of  each  conduit  for  a  particular 
set  of  operating  conditions,  the  investigators  were  able  to  derive  trans¬ 
fer  functions  that  allow  the  accurate  prediction  of  ABN  for  a  known  FBN 
level.  A  detailed  discussion  of  the  techniques  used  to  derive  the  trans¬ 
fer  functions  will  not  be  presented  in  this  text  but  may  be  found  in  Ref. 
[4],  What  is  of  more  direct  interest  at  this  time  is  the  overall  sound 
output  that  may  be  expected  from  a  given  length  of  conduit.  The  overall 
results  of  the  experimental  evaluation  are  shown  in  Table  5-1.  It  should 
be  noted  that  the  only  source  of  sound  in  the  measurement  environment  was 
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the  conduit  . 


A  diagram  of  the  test  facility  is  shown  in  Fig.  5-1.  The  pressure 
transducer  locations  are  numbered  in  the  diagram. 

-  TRANSFER  FUNCTIONS  - 


Two  types  of  transfer  function  were  developed  for  each  conduit 
tested.  The  two  methods  relate  the  fluid-borne  noise  to  the  resultant 
airborne  noise  in  different  ways.  The  transfer  function,  ,  relates 
fluid-borne  noise  directly  to  airborne  noise  as  shown  in  Fig.  5-2a.  Sur¬ 
prisingly  accurate  results  were  obtained  from  this  rather  simple  model. 

The  second  technique  involves  the  transformation  of  energy  from  fluid- 
borne  to  structure-borne  and  finally  to  airborne  noise  as  showr.  in  Fig. 
5-2b.  The  transfer  functions  for  both  conduits  are  presented  .n  Ref¬ 
erence  [A].  A  comparison  of  the  predicted  and  measured  sound  levels  for 
each  test  condition  is  shown  in  Table  5-2. 

ABN  levels  between  70  and  80  dB  were  found  to  be  produced  by  8  feet 
of  flexible  hydraulic  conduit.  Comparison  of  these  levels  to  ABN  levels 
produced  by  hydraulic  pumps  and  motors  indicated  that  the  hydraulic  con¬ 
duit  does  contribute  a  significant  amount  of  ABN. 

Average  pressure,  pump  speed,  and  downstream  impedance  were  found 
to  have  significant  influence  on  the  ABN  output  of  a  hydraulic  conduit. 

A  reduction  of  the  average  operating  pressure  from  2000  to  1000  psi 
caused  a  substantial  increase  in  both  SBN  and  ABN  total  levels.  Reduc¬ 
tion  of  pump  speed  shifts  the  FBN  profile  toward  lower  frequencies 
resulting  in  a  large  increase  of  SBN  amplitudes  in  the  low-frequency 
range.  A  relief  valve  was  found  to  increase  the  total  ABN  level  of  the 
conduits  tested  3  to  6  dB  above  the  levels  produced  by  a  needle  valve. 

The  transformation  of  FBN  into  SBN  by  the  hydraulic  conduits  invest¬ 
igated  can  be  described  as  dynamic  system  which  exhibits  relatively  high 
sensitivity  to  low-frequency  FBN.  The  transformation  of  SBN  into  A3N 
can  be  basically  described  as  a  system  with  relative  high  sensitivity  to 
high-frequency  SBN. 

This  investigation  establishes  substantial  evidence  that  correlations 
describing  the  relationship  between  FBN,  SBN,  and  ABN  can  be  developed. 
Models  based  on  total  dB  levels  ' provide  the  best  overall  effectiveness  in 
predicting  total  ABN  levels  for  both  conduits  tested.  Only  the  one  inch 
conduit  was  considered  to  be  effectively  described  by  models  developed 
fom  frequency  analysis  techniques.  Even  though  models  developed  from  fre¬ 
quency  analysis  did  not  adequately  describe  Conduit  1)2,  it  is  thought 
that  digital  models  describing  the  complete  transformation  of  FBN  into 
ABN  in  two  separate  steps  has  the  greatest  potential  for  accurate  pre¬ 
diction  of  ABN  levels.  A  more  complete  discussion  of  this  topic  can  be 
found  in  Reference  (4). 
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Conduit  Evaluation  Equipment  Installed. 


CHAPTER  VI 


ACOUSTICAL  MEASUREMENTS  OF  RELIEF  VALVES 
-  INTRODUCTION  - 


Very  little  literature  is  available  regarding  relief  valve  noise. 
Relief  valve  noise  has  become  more  Important  because  of  governmental 
regulations  on  noise  pollution  and  the  concern  for  employee  environment 
This  chapter  presents  a  summary  of  relief  valve  noise  tests  conducted 
at  the  OSU-FPRC  acoustics  laboratory  and  provides  guidelines  for  future 
tests. 


The  noise  from  relief  valves  originates  primarily  in  three  domains: 
fluid-borne  noise,  structure-borne  noise,  and  airborne  noise  [5].  The 
measurement  of  structure-borne  noise  is  a  problem  because  many  points 
over  the  surface  of  the  valve  must  be  measured  to  provide  an  accurate 
estimate  of  the  level  of  the  valve  surface.  The  difficulties  involved 
with  SBN  measurement  preclude  the  luxury  of  a  great  deal  of  SBN  data  in 
this  report.  Fluid-borne  noise  is  easily  measured  with  a  piezoelectric 
transducer.  The  measurements  presented  in  this  chapter  were  made  on  the 
high-pressure  side  of  the  relief  valve.  Fluid-borne  noise  in  relief 
valves  is  the  result  of  turbulence,  cavitation,  and  interaction  with  other 
components.  The  directly  radiated  airborne  noise  was  measured  in  the 
OSU-FPRC  reverberant  facility  in  accordance  with  the  ABN  measurement 
procedure  presented  in  Appendix  F. 

-  TESTS  AT  THE  OSU-FPRC  ACOUSTICS  LABORATORY  - 

The  relief  valve  testing  at  the  OSU-FPRC  laboratory  included  two 
pilot  operated  relief  valves.  Both  were  identical  in  functional  design 
and  specifications.  Relief  Valve  112  (RV2)  is  built  into  a  manifold  for 
bolting  directly  to  a  hydraulic  system.  RV2  is  the  military  version 
(5R717)  of  relief  valve  group  6J1746  supplied  by  Caterpillar.  It  is  con¬ 
siderably  larger  physically  than  RV1,  which  was  ported  for  standard 
hydraulic  conduits.  Both  valves  were  connected  to  the  controlling 
system  using  flexible  hydraulic  conduit,  which  was  wrapped  with  2"  foam 
rubber.  The  line  was  then  covered  completely  with  a  layer  of  leaded 
vinyl  material,  overlapped,  and  sealed  with  duct  tape.  All  connecting 
lines  were  treated  this  way  to  attenuate  as  much  system  noise  as  possible 
for  a  more  accurate  noise  measurement  from  the  relief  valve. 

The  testing  was  conducted  in  the  OSU-FPRC  sound  reverberation  room. 
This  room  is  equipped  with  rotating  plane  diffusers  and  is  certified 
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according  to  ISO  recommended  procedures  [6,7]. 

All  data  (ABN,  FBN,  SBN)  was  acquired  through  the  use  of  a  third- 
octave  analyzer,  which  average  the  input  signal  at  1/3  octave  center 
frequencies  between  100  and  10,000  Hz.  All  of  the  output  data  were 
corrected  and  put  into  usable  form  with  a  computer  program  designed 
for  this  purpose.  (See  Appendix  E) 

Both  valves  were  tested  under  a  constant  pressure  of  2000  psi  and 
65.5  C.  RV1  was  tested  only  at  20  gpm  flow  rate  because,  when  higher 
rates  were  applied,  it  had  high  internal  leakage.  RV2  was  tested  at 
flow  rates  of  20,  A0,  and  60  gpm.  The  noise  levels  are  tabulated  in 
Table  6-1  with  corresponding  horsepower  levels  at  each  flow  rate.  RV2 
shows  a  critical  flow  rate  at  about  40  gpm,  where  the  ABN  begins  to  in¬ 
crease  noticeably.  At  about  60  gpm,  a  chatter  developed  within  the  valve. 
The  flow  rate  was  increased  momentarily,  and  the  valve  was  found  to  chat¬ 
ter  at  higher  flow  rates.  The  rated  flow  for  this  valve  was  80  gpm, 
which  was  much  higher  than  the  flow  at  the  onset  of  chattering.  Fig.  6-1 
shows  the  approximate  relationship  between  airborne  noise  and  horsepower. 
The  almost  vertical  trend  emphasizes  how  critical  the  flow  rate  is  for 
the  valve  tested. 

A  comparison  of  the  fluid-borne  noise  output  with  the  airborne 
noise  output  reveals  an  increase  in  airborne  noise  with  an  increase  of 
fluid-borne  noise.  This  is  shown  graphically  versus  flow  rate  in  Fig. 

6-2.  Typical  spectrums  for  relief  valve  and  pump  noise  are  shown  in 
Fig.  6-3.  The  relief  valve  emits  predominent ly  high  frequency  noise 
caused  by  flow  and  the  pump  is  a  low  frequency  source.  In  Fig.  6-4, 
the  fluid-borne  noise  appears  to  increase  as  the  logarithm  of  horse¬ 
power. 

It  would  seem  that  the  structure -bo me  noise  would  also  increase  as 
the  fluid-borne  and  airborne  noise  increases.  The  structure-borne  noise 
output  is  tabulated  in  Table  6-1  and  decreases  with  an  increase  in  flow 
rate.  This  is  illustrated  graphically  in  Fig.  6-5.  Note  that  the  struc¬ 
ture-borne  noise  measurement  was  taken  at  only  one  point  on  the  relief 
valve  surface,  and  the  point  tested  may  have  been  in  a  nodal  region. 

The  pressure-flow  characteristics  for  RV1  are  shown  in  Fig.  6-6. 

Data  is  presented  for  both  increasing  and  decreasing  flow  rates.  The 
data  was  obtained  in  FPRC  systems  laboratory. 

-  FUTURE  TESTING  - 


The  main  objectives  of  any  testing  program  should  include  accuracy 
and  repeatability.  The  facility  in  which  a  relief  valve  is  tested  for 
airborne  noise  should  be  certified  for  acoustical  testing  according  to 
accepted  procedures.  For  an  accurate  measurement  of  the  sound  power 
output  of  a  valve  all  other  noise-producing  apparatus  should  be  cover¬ 
ed  with  acoustical  attenuating  material. 
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The  recommended  frequency  range  at  which  measurements  should  be  made 
is  between  100  and  10,000  Hz.  This  should  include  all  relevant  noise 
data  for  the  relief  valve  and  has  been  accepted  by  the  NFPA  for  other 
acoustical  testing  procedures. 

All  relief  valves  should  be  tested  at  their  specified  working 
pressure  and  flow  rates  relevant  to  actual  use  up  to  the  rated  flow. 

As  is  evident  from  the  data  given,  there  is  always  the  possibility  of 
instability  before  reaching  rated  flow. 


! 
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TABLE  6-1:  SOUND  POWER  RESULTS  OF  RELIEF  VALVES 


AIRBORNE  SOUND  POWER 


Valve 


Flow 

(gpm) 


Horsepower 


FLUID-BORNE  NOISE  LEVELS 


1 

Valve 

Pressure 

Flow 

Horsepower 

dBA 

(psi) 

(gpm) 

1 

0 

20.0 

23.3 

2  AO .  8 

1 

200 

0 

30 .8 

35.9 

235  .0 

2 

200 

0 

20.0 

23.3 

229.9 

2 

200 

0 

AO  .0 

A6.7 

2  3A.7 

2 

200 

0 

60.0 

70.0 

2A0.6 

STRUCTURE-BORNE  NOISE  LEVELS 


Pressure 

(psi) 


AIR  BORNE  NOISE  (dBA) 


k 


a 


i 


f 


Fig.  6-1.  Airborne  Noise  Level  Versus  Horsepower  for  Valve  2. 
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I-Borne  and  Airborne  Noise  With  Respect  to  Flow  Rate. 


BORNE  NOISE  LEVEL  (dBA) 


VALVE  NOISE  CHART 

FLUID  POWER  RESEARCH  CENTER 
OKLAHOMA  STATE  UNIVERSITY 


HORSE  POWER 

Fig.  6-4.  Fluid-Bo.  ne  Noise  Levels  Versus  Horsepower  for  Valve  2 
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valve:  CATERPILLAR  RELIEF  VALVE  NO.  6JI74B 
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CHAPTER  VII 

I 

PRACTICAL  METHODS  FOR  REDUCING  FLUID  POWER  SYSTEM  NOISE  i 

l 

The  material  presented  thus  far  in  this  report  is  the  result  of  a 
study  initiated  by  Oklahoma  State  University,  Proposal  No.  ER  72-R-101, 
entitled  "Proposal  for  a  Study  to  Evaluate  the  Acoustical  Characteristics 
of  Selected  Components  in  a  Fluid  Power  System."  This  study  ended  on 
1  June  1973.  The  noise  program  was  extended  from  June  1  1973  to  May 
1974  under  the  same  contract  number.  The  proposed  effort  for  this  time 
period  is  cont;  'ned  in  Oklahoma  State  University  Proposal  No.  ER-73-R-54, 

"Proposal  for  a  Study  to  Evaluate  Practical  Methods  for  Reducing  and 
Predicting  Fluid  Power  Svstem  Noise."  This  chapter  contains  a  brief 
discussion  of  the  proposed  effort  for  the  1973-74  year  and  a  tentative 
schedule  for  the  individual  areas  of  investigation.  Table  7-1  lists  the 
general  areas  that  are  to  be  studied,  and  figure  7-1  relates  a  proposed 
time  schedule  for  each  area. 

Measurement  of  fluid-borne  noise  is  a  critical  area  of  investigation 
for  the  next  year.  Several  of  the  system  oriented  noise  control  efforts 
that  are  to  be  performed  rely  on  the  accurate  and  repeatible  measurement 
of  fluid-borne  noise.  New  instrumentation  has  been  obtained  to  aid  dur¬ 
ing  the  measurement  of  fluid-borne  noise.  This  instrumentation,  when 
used  with  the  theory  mentioned  in  Chapter  V  and  discussed  in  [9],  shows 
promise  of  providing  the  accuracy  and  repeatability  that  must  be  at¬ 
tained  to  make  a  fluid-borne  noise  measurement  procedure  feasible.  This 
instrumentation  will  be  used  during  the  evaluation  of  several  fluid- 
borne  noise  attenuation  devices.  Both  accumulator  and  "muffler"  type 
fluid-borne  noise  attenuators  have  been  purchased  for  evaluation  and 
are  projected  to  be  tested  in  early  December  1973. 


TABLE  7-1:  SUMMARY  OF  PROPOSED  EVALUATIONS 


Topic 

Number  Title 


1 

2 

3 

4 

5 

6 

7 

8 


Fluid-borne  Noise  Measurement 
Fluid-borne  Noise  Attenuation 
Pump  Sound  Vs,  %  Air  in  Fluid 
Reservoir  Noise 

Airborne  Conduit  Noise  Isolation 
Airborne  Pump  Noise  Isolation 
Pump  Airborne  Noise  Model 
System  Airborne  Noise  Model 
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Mr  in  hydraulic  oil  is  a  major  problem  in  fluid  power  systems  [3]. 
Due  to  its  effect  on  the  fLuid  properties  of  the  oil,  a  change  in  the 
fluid  properties  can  subject  parts  of  the  system  to  cavitation,  causing 
them  to  fail  prematurely.  System  control  can  be  altered  due  to  varia¬ 
tions  in  compressibility  of  the  fluid.  And,  the  acoustical  characteris¬ 
tics  of  the  system  can  deviate  from  those  expected  from  a  system  with¬ 
out  air  in  the  oil.  Noticeable  increases  in  the  sound  power  of  pumps  have 
been  observed  upon  introduction  of  air  into  the  system.  A  quantitive 
analysis  of  this  phenomenon  will  be  intiated  during  the  current  fiscal 
year . 


Large  radiating  surfaces  provide  efficient  couplings  to  air  for 
structure-borne  and  fluid-borne  noise  in  fluid  power  systems.  Hydraulic 
reservoirs  provide  the  surface  area  necessary  to  act  as  an  acoustic 
radiator.  A  reservoir  from  the  6000  lb  rough  terrain  forklift  has  been 
obtained  for  testing  at  the  Fluid  Power  Research  Center.  The  reservoir 
will  be  evaluated  to  determine  its  acoustic  radiation  and  modified  to 
minimize  that  radiation.  All  modifications  to  the  reservoir  will  be 
examined  for  their  practicality  as  retrofit-type  modifications  to  exist- 
ting  machines  as  well  as  production  changes. 

Recent  investigations  have  shown  that  a  great  deal  of  airborne 
acoustic  energy  is  radiated  from  the  conduits  in  fluid  power  systems 
due  mainly  to  the  fluid-borne  noise  in  the  conduits.  Until  the  fluid- 
borne  noise  can  be  reduced  to  an  acceptable  level,  more  expedient 
methods  must  be  used  to  minimize  the  airborne  noise  radiated  from  the 
system.  Several  types  of  conduit  isolation  are  being  produced  by  in¬ 
dustry.  Those  which  appear  to  be  suitable  for  use  with  hydraulic  systems 
will  be  evaluated  and  compared  with  the  laboratory  isolation  techniques 
and  will  be  investigated  for  minimizing  the  directly  radiated  airborne 
noise  from  fluid  power  pumps. 

The  final  area  of  investigation  involves  acoustically  modeling  both 
fluid  power  components  and  fluid  power  systems.  This  particular  section 
of  the  overall  program  will  be  studied  continually  due  to  the  applicab¬ 
ility  of  each  phase  of  the  overall  program  on  component  and  system  model¬ 
ing. 


57 


CHAPTER  VIII 


SUMMARY,  CONCLUSIONS,  &  RECOMMENDATIONS 

The  results  of  this  project  provide  the  fluid  power  industry  and 

the  U.S.  Army  with  several  necessary  tools  for  the  control  of  fluid  power 

system  noise.  Considerable  importance  has  been  given  to  tha  development 
of  standard  test  procedures  for  the  measurement  of  noise  generated  by 
fluid  power  systems.  All  three  types  of  noise  (ABN.FBN,  &  SBN)  have  been 
considered  thus  far  in  the  OSU-MERDC  Program.  As  mentioned  previously, 
the  most  significant  advances  have  been  attained  in  the  area  of  airborne 
noise  measurement.  An  airborne  noise  test  procedure  has  been  developed 
by  industry  with  the  aid  of  project  personnel  and  is  being  verified  by 
project  personnel. 

The  sound  level  ordering  ability  of  this  procedure  has  been  evalu¬ 
ated  for  various  fluid  power  components  in  the  OSU-FFRC  reverberant 

measurement  facility.  A  program  to  determine  the  reproducibility  of 
measurements  taken  in  different  facilities  using  the  previously  mentioned 
test  procedure  has  been  initiated.  This  program  includes  over  30  dif¬ 
ferent  facilities  in  the  United  States,  Europe,  and  Japan.  Fundamental 
invesitgations  have  been  initiated  to  determine  the  most  reliable  measure¬ 
ment  techniques  to  be  used  in  subsequent  fluid-borne  and  structure-borne 
noise  measurement  procedures. 

A  draft  fluid-borne  noise  measurement  procedure  (Appendix  G)  is  the 
result  of  these  investigations. 

Facility  verification  has  been  a  necessary  area  of  investigation  to 
insure  the  accuracy  and  repeatability  of  acoustical  measurements.  The  ISO 
procedures,  when  used  as  recommended,  will  provide  repeatable  measure¬ 
ments  in  a  given  facility.  The  reproducibility  between  facilities  is  be¬ 
ing  examined  at  present  through  the  OSU-FPRC  acoustical  facility  survey. 
(See  Appendix  D) . 

The  components  that  have  been  successfully  examined  for  this  pro¬ 
ject  include  pumps,  valves,  and  conduits.  The  program  outlined  for  1973- 
74  will  extend  the  investigation  of  airborne  noise  emitted  by  fluid 
power  components  to  hydraulic  reservoirs. 

Several  conclusions  may  be  drawn  from  the  various  areas  investi¬ 
gated  during  the  1972-73  MERDC  Program  in  acoustics: 

1.  An  industrial  accepted  procedure  for  the  measurement  of  direct¬ 
ly  emitted  airborne  noise  from  fluid  power  pumps  has  been  dev¬ 
eloped  and  is  being  verified  with  the  aid  of  project  personnel. 
The  procedure  provides  the  capability  of  rank  ordering  fluid 
power  components  on  an  airborne  noise  basis. 


Preceding  page  blank 
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2.  The  airborne  noise  measurement  procedure  for  fluid  power  I 

pumps  can  be  extended  for  use  with  other  fluid  power  com¬ 
ponents  with  proper  engineering  judgment. 

i 

3.  The  sound  level  radiated  from  an  average  pump  out  of  the  I 

spectrum  of  fluid  power  pumps  evaluated  at  the  Fluid  Power 

Research  Center  is  comparable  to  the  sound  level  radiated 

from  an  eight  foot  length  of  hydraulic  hose.  This  indi-  I 

cates  that  the  reduction  and/or  elimination  of  the  fluid- 
borne  noise  in  fluid  power  systems  will  produce  signifi¬ 
cant  decreases  in  fluid  power  system  sound  levels. 

A.  The  use  of  a  properly  employed  three-transducer  measurement 
array  should  negate  the  standing  wave  deterrent  to  fluid- 
borne  noise  measurement. 

5.  The  relief  valve  tested  at  the  Fluid  Power  Research  cent-, 
er  produced  total  sound  power  levels  in  excess  of  90  dBA 
when  operating  25%  below  its  rated  flow  rate.  This  ex¬ 
cessive  noise  production  has  been  observed  to  be  common¬ 
place  for  both  relief  valves  and  needle  valves. 

One  of  the  major  objectives  of  the  rPRC-MERDC  Acoustics  Program  is 
the  development  of  fluid  power  acoustics  to  such  a  degree  that  component 
specifications  for  the  purpose  of  fluid  power  system  sound  level  reduc¬ 
tion  is  practical.  Many  of  the  necessary  building  blocks  to  reach  this 
objective  have  been  constructed  and  discussed  in  this  report.  There 
are,  however,  several  areas  that  must  be  investigated  before  reliable 
component  specifications  are  realized.  The  following  recommendations 
are  directed  toward  reaching  two  objectives:  1)  to  make  practical  the 
specification  of  fluid  power  components  based  on  their  acoustical  char¬ 
acteristics,  and  2)  to  provide  the  fluid  power  industry  with  the  tools 
that  are  necessary  to  produce  quiet  fluid  power  components  and  systems. 

1.  The  current  airborne  test  procedure  should  be  examined  to  de¬ 
termine  its  ability  to  produce  reproducible  measurements  be¬ 
tween  laboratories. 

2.  Continued  effort  should  be  concentrated  on  the  development  of  a 
fluid-borne  noise  measurement  procedure. 

3.  Isolation  mechanisms  which  minimize  ABN,  FBN,  and  SBN  paths 
should  be  investigated  and  evaluated  for  their  applicability 
in  fluid  power  systems. 

A.  The  development  of  fluid  power  component  noise  models  must  be 
extended  to  all  fluid  power  components. 

5.  The  acoustical  interaction  of  fluid  power  components  should  be 
investigated . 

6.  The  results  of  recommendations  A  and  5  should  be  implemented 
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to  produce  a  technique  for  predicting  fluid  power  system 
sound  levels  from  the  acoustical  characteristics  of  fluid 
power  components  or  predicting  the  change  in  system  sound 
level  that  can  be  expected  from  changing  a  given  component 
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APPENDIX  B 


INSTRUMENTATION 


INSTRUMENTATION 


I.  GENERAL  RADIO 

A.  1521-A . Strip  Chart  Recorder 

B.  1523  . Level  Recorder 

C.  1523-Pi . Preamplifier  Plug  In 

D.  1523-P3 . 1/3  Octave  band  Analyzer 

E.  1523-9621 . 25  <±B  Potentiometer 

1523-9622 . . . 50  dB  Potentiometer 

1523-9624 . 100  dB  Potentiometer 

F.  1560-9531  . Microphone 

G.  1560-9580 . . . Tripod 

H.  1560-9666  . Microphone  Cable 

I.  1560-P13 . Vibration  Pickup  System 

J.  1560-P42 . Microphone  Preamplifier 

K.  1562-A . Sound  Level  Calibrator 

L.  1382 . Random  Noise  Generator 

M.  1910A . . . Recording  Wave  Analyzer 

N.  1933 . . . Precision  Sound  Level  Meter 

and  Octave  Band  Analyzer 

O.  135A . X-Y  Recorder 

P.  130BR . Oscilloscope 

Q.  400  LR . Vacuum  Tube  Voltmeter 

II.  HEWLETT  PACKARD 

A.  3300-A . . . Function  Generator 

B.  205AG . . . Signal  Generator 

C.  202CR . Signal  Generator 

D.  410B . Vacuum  Tube  Voltmeter 

III. BRUEL  &  KJAER 

A.  2107 . . . Frequency  Analyzer 

IV.  BOGEN 

A.  CH13-35A . Amplifier 


V.  TEKTRONIX 

A.  502.. 

B.  RM31A 

VI.  PCB  PIEZOTRONI CS ,  INC. 

A.  118A02 . Quartz  Crystal  Pressure 

Transducer 


Dual-Beam  Oscilloscope 
Oscilloscope 
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B.  402A . 

C.  482-A . 

D.  483A02 . 

VI I. BELL  &  HOWELL 

A.  4-402-0001  . 

VIII .DAYTRONIC 

A.  Type  91 .  . . . .  .  . 

B.  Model  300 . . 

C .  Type  P . 

IX.  KENWOOD 

A.  KA-4004 . 

X.  TEAC 

A.  1230 . 

XL.  BECKMAN 

A.  7370R . 

XII .KROHN-HITE 

A.  44GAR . 

HU.  RUTHERFORD 

A.  B7B . 

XIV. ACTION  LABORATORIES,  INC 

A.  328-A . 


Pressure  Amplifier 
ICP  Power  Supply 
ICP  Power  Supply 


Pressure  Transducer 


Strain  Gauge  Transducer 
Input  Module 
Transducer  Amplifier 
Indicator 

Galvanometer  Driver  Output 
Module 


Amplifier 


Tape  Deck 


universal  EPJT  Meter 


Oscillator 


Pulse  Generator 


Phase  Angle  Meter 
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ISOLATION  MATERIALS 


ISOLATION  MATERIAL 


The  following  materials  are  being  used  to  acousitcally  treat  fluid 
lines,  pump  mounts,  pump  drive  systems,  and  the  drive  support  system: 

1.  "Duct  Board"  —  Rigid  fiberglass  with  aluminum  back. 

Owens-Coming  Type  475-FR(SD) 

2.  Leaded  Vinyl  —  John  Schneller  &  Associates,  Sound/Eaze 

TLB-M,  TLB-L 

3.  Leaded  Vinyl  —  Singer  Partitions,  Inc.;  Super  Sound  Stopper 

4.  Aluminum  Foil  Reinforced^Insulation  —  Supplier,  L.  A.  King 
Co.;  Type  MRA;  0.6  lb/ft  ,  1  in  insulation  with  foil  scrim 
kraft,  light  duty,  NFBU  rated,  manufactured  by  Certainteed 
—  St.  Gobain 

5.  Foamrubber  —  2  in  Thick,  21  oz/ft^  (21,000  gm/m^) 

6.  High  Temperature  Damping  Compound  // 70305  —  Sound  Solutions 
/  Ponto  Sales  Engineers,  Tulsa 

2 

7.  Pipe  and  Valve  Covering  l///ft  —  Sound  Solutions  %  Ponto 
Sales  Engineers,  Tulsa 

8.  Sound  Off  (Damping  Material)  —  Sound  Solutions  %  Ponto 
Sales  Engineers,  Tulsa 

9.  Dee  Bee  Dropper  f/20221  —  Sound  Solutions  %  Ponto  Sales 
Engineers,  Tulsa 
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ACOUSTICAL  FACILITY  SURVEY 


Concurrent  operation  of  two  acoustical  surveys  has  taken  place 
during  the  last  year  at  Fluid  Power  Research  Center.  The  survey  of 
fluid  power  pump  sound  levels  is  presented  in  Chapter  IV.  This  appen¬ 
dix  deals  with  the  second  survey,  which  will  provide  data  that  will 
describe  the  amount  of  correlation  tha..  can  be  expected  from  measure;- 
ments  of  the  same  source  in  different  labo rat iories .  An  electronic 
source  has  been  designed  and  constructed  at  .be  Fluid  Power  Research 
Center  to  be  used  as  the  common  source  to  be  tested  by  all  survey 
participants . 

The  function  of  the  electronic  noise  source  (ENS)  is  to  produce  a 
constant  sound  level  in  three  different  modes;  namely,  broad  band, 
pure  tone,  and  oscillating  pure  tone.  The  electronic  stability  for  the 
source  has  been  evaluated  to  be  approximately  1.12%.  A  list  of  elec¬ 
tronic  components  for  the  ENS  and  a  schematic  have  been  provided  in  this 
appendix. 

The  acoustical  facility  survey  participants  include  organizations 
from  Japan,  Germany,  England,  Scotland,  and  France  Data  that  have 
been  received  shows  the  white  noise  standard  deviation  to  be  0.36  dBA, 
and  the  pure  tone  standard  deviation  to  be  2.1  dB . 


LIST  OF  ELECTRONIC  COMPONENTS 


Component 

Manufacturer 

Model  Number 

Power  Supply 

ACDE  Electronics,  Inc. 

0A15D1  .1-1 

Power  Supply 

El  gen  c.o 

3609-A 

White  Noise  Generator 

Elgenco 

3606A55124 

Low  Frequency  Oscillator 

W.  H.  Ferwalt,  Inc. 

SP01088 

Voltage  Controlled 

Osci llator 

W.  H.  Ferwalt,  Inc. 

VC068313 

Operational  Amplifiers 

Analog  Devices 

144A 

Audio  Amplifier 

Arvee  Engineering 

202 

Speaker 

Altec  Lansing 

755-E 

CORRESPONDENCE  LIST  FOR  ACOUSTIC  FACILITY  SURVEY 


Dr.  D.  Unruh 

Cessna  Fluid  Power  Division 
P.  0.  Box  1028 
Hutchinson,  Kansas  67501 

Mr.  B.  Coats 

Vehicle  Components  Division 
Technical  Center,  Bldg.  G 
Caterpillar  Tractor  Co. 

100  N.  E.  Adams  Street 
Peoria,  Illinois  61602 

Mr.  J.  Bolinger 
Sundstrand  Hydro-Transmission 
2800  East  13th  Street 
Ames,  Iowa  50010 

Mr.  T.  A.  Klausing 
Denison  Research  Center 
P.  0.  Box  1230 
Columbus,  Ohio  43216 

Mr.  C.  T.  Caliri 
Cincinnati  Milacron,  Inc. 

4701  Marburg  Avenue 
Cincinnati,  Ohio  45209 

Mr.  G.  A.  Morrell 
Clark  Equipment  Co. 

P .  0 .  Box  188 

Cassopolis,  Michigan  49031 

Mr.  H.  N.  Underwood 

Borg-Wamer  Corporation 

Roy  C.  Ingersoll  Research  Center 

Wolf  and  Algonquin  Roads 

Des  Plaines,  Illinois  60018 

Mr.  Z.  J.  Lansky 
Parker-Hannif in  Corporation 
17325  Euclid  Avenue 
Cleveland,  Ob^o  44112 


Mr.  W.  R.  Brown 
Eaton  Corporation 
Research  Center 
26201  Northwestern  Highway 
Southfield,  Michigan  48076 

Mr.  T.  Kostek 
Commercial  Shearing,  Inc. 

1775  Logan  Avenue 
Youngstown,  Ohio  44501 

Mr.  J.  Harris 
J.  I.  Case  Company 
CC  124 

Environmental  &  Electric  Labor¬ 
atory 

Corporate  Test  Center 
24th  &  Center  Streets 
Racine,  Wisconsin  53403 

Mr.  W.  C.  Smith 
IBM  Corporation 
Dept.  447,  Bldg.  030-1 
Rochester,  Minnesota  55901 

Mr.  J.  Hayes 
Cummings  Engine  Co . 

Technical  Center 
1900  McKinley  Avenue 
Columbus,  Indiana  47201 

Mr.  F.A.M.  Willekens 
afd.  Werktuigbouwkunde 
Technische  Hogeschool 
Eindhoven,  The  Netherlands 

Mr.  F.  W.  Baggett 

Serck  Developments 

Gloucester  Trading  Estate 

Hucclecote 

Gloucester  GL3  4XE 

England 
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Correspondence  List  for  Acoustic  Facility  Survey 


Professor  D.  MiCandlish 
Bath  University 
Bath,  England 

Mr.  J.  Currie 

Special  Projects  Division 

Department  of  Trade  &  Industry 

National  Engineering  Laboratory 

East  Kilbride 

Glasgow  G75  OQU 

Scotland 

Professor  H.  K.  Muller 
University  of  Stuttgart 
S  tut  tgart 

German  Federal  Republic 

Dr.  Wilhelm  Gro-.heer 
Robert  Bosch  GmbH 

Techisch-Wissenschaf tlicher  Mi  tar be  iter 
Leiter  der  Abteilung  ARustik 
7016  Gerlingen-Schillerfiohe 
Robert-Bosch-Platz  1 
German  Federal  Republic 

Mr.  G.  JeMontille 
GETIM 

2  Av.  Felix  Louat  60304 
Senlis,  France 

Dr.  Shigen  Tsuji 
Professor  of  Engineering 
Tokyo  Institute  of  Technology 
12-2  Ookayama 
Meguro-Ku,  Tokyo,  Japan 

Mr.  Kendall  KcBroom 
Project  Engineer 
Advance  Products 
CORAD  Division 
Donaldson  Company,  Inc. 

1400  West  94th  Street 
Minneapolis,  Minnesota  55440 


Mr.  James  R.  McBurnett 
Chief  Analytical  Engineer 
Tyrone  Hydraulics,  Inc. 

P  .0.  Box  511 
Corinth,  Miss.  38834 

Mr.  J.  W.  Broome 
Vice  President  of  Engineering 
Racine  Hydraulics  &  Machinery  Inc. 
2000  Albert  Street 
Racine,  Wisconsin  53404 
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APPENDIX  E 

A  USER'S  GUIDE  TO  THE  ACOUSTICAL  DATA  REDUCTION  PROGRAMS 


A  USER'S  GUIDE  TO  THE  ACOUSTICAL  DATA  REDUCTION  PROGRAMS 


Calculations  in  acoustical  data  reduction  require  many  detailed 
and  repetitive  steps  to  be  accurate.  Because  of  the  tremendous  flow  of 
noise  data  through  the  OSU-FPRC  acoustics  laboratory,  the  use  of  the 
computer  in  this  capacity  has  become  a  necessity. 

Three  programs  are  given  in  this  user's  guide  —  one  for  each  of 
fluid-borne,  structure-borne,  and  airborne  noise.  The  input  data  to  be 
used  consist  of  noise  levels  taken  from  a  third-octave  band  analyzer  at 
the  21  center  frequencies  between  100  and  10,000  Hz.  The  program  will 
average,  on  a  power  basis,  up  to  ten  sets  of  measured  source  levels  and 
up  to  tens  sets  of  reference  or  background  data.  The  programs  are  con¬ 
sistent  with  each  other  in  general  form  and  appearance  of  output.  Each 
program  is  written  i.i  the  FORTRAN  IV  language  for  use  on  the  IBM  360/65 
sys  tem . 

The  airborne  noise  data  reduction  program  is  longer  than  the  other 
two  due  to  the  large  number  of  background  corrections  necessary.  The 
procedure  it  uses  complies  to  the  current  ISO  proposed  test  codes  for 
reverberant  environment  testing.  The  airborne  noise  program  computes  the 
corrected  values  for  sound  power,  total  A-weighted  sound  power,  and  A- 
weighted  sound  pressures  at  three  feet  from  the  source  in  a  free  field 
over  a  reflecting  plane. 

The  fluid-borne  noise  program  corrects  the  measured  noise  levels 
with  instrumentation  background  noise  data  and  the  correction  factor  for 
the  dynamic  pressure  transducer.  This  program  then  computes  A-weighted 
power  and  pressure  levels  relative  to  20pN/m  .  This  is  consistent  with 
the  techniques  for  airborne  noise  data  reduction  and  aids  in  the.  deriva¬ 
tion  of  transfer  functions  from  fluid-borne  to  airborne  noise. 

The  structure-borne  noise  program  also  uses  instrumentation  back¬ 
ground  noise  and  transducer  correction  factors  to  correct  the  input. 
Acceleration  levels  are  read  into  the  program  to  compute  displacement, 
velocity,  and  acceleration  for  each  1/3  octave  frequency,  as  well  as 
total  vibrational  levels. 


-  COMPUTATIONAL  PROCEDURE  - 


The  method  of  data  reduction  for  airborne  and  fluid-borne  noise  is 
illustrated  and  explained  in  detail  along  with  similar  programs  in  Ref. 

[8]  and  will  not  be  discussed  here. 

The  input  for  the  structure-borne  noise  program  consists  of  acceler- 
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ation  levels  taken  from  1/3  octave  band  analyzer,  correction  factors 
for  the  transducer  at  each  frequency,  and  a  conversion  factor  of  the 
transducer  for  converting  output  voltage  to  meters/second  .  The  acceler¬ 
ation  levels  are  first  converted  from  decibels  to  an  output  voltage  level 
using  the  formula  : 


Whe  re  : 


A  =  (5  x  10“6)10a/2° 

A  =  acceleration  output  voltage  from  transducer 
a  =  acceleration  input  level  from  1/3  octave  analyzer 
in  decibels 


The  levels  for  the  vibrational  source  and  background  noise  are  both  con¬ 
verted  to  power.  Then,  the  vibrational  source  levels  are  corrected  using 
the  noise  levels  and  transducer  and  correction  factors  with: 

CA  =  (1  +  UP)  (VIB  -  B) 

Where:  CA  =  corrected  acceleration  output  voltage 

UP  -  transducer  correction  factor 
VIB  =  vibrational  source  acceleration  output  voltage 
from  transducer 

B  =  background  acceleration  output  voltage  from  trans¬ 
ducer 


If  the  background  noise  level  is  greater  than  or  equal  to  the  vib¬ 
rational  source  level,  then  CA  is  set  to  the  minimum  measurable  accel¬ 
eration  level.  The  voltage-to-acceleration  transducer  factor  is  then 
divided  into  these  values.  Then,  using  the  basic  formula  for  converting 
vibrational  acceleration  to  velocity  and  displacement,  the  values  are 
divided  by  their  frequency,  once  for  velocity  and  twi^e  fo^  displacement. 
The  decibel  quantities  are  then  found  relative  to  10  m/s  for  accelera¬ 
tion,  10~8  m/s  for  velocity,  and  10~H  m  for  displacement. 


-  PROGRAM  MODIFICATIONS  - 


All  of  the  programs  can  be  modified  to  reduce  noise  data  from  any 
source  as  long  as  the  input  data  are  of  the  right  form.  For  example,  if 
one  were  reducing  airborne  noise  data  from  a  relief  valve,  the  appropriate 
correction  factors  in  the  data  file,  such  as  drive  shaft  noise,  should  be 
set  to  zero. 

The  structure-borne  noise  program  uses  a  "voltage-to-acceleration" 
transducer  correction  factor.  If  a  transducer  is  used  which  reads  direct¬ 
ly  in  acceleration  on  the  1/3  octave  analyzer,  this  factor  should  be  set 
to  unity. 


-  PROGRAM  IMPLEMENTATION  - 


Each  program  has  two  main  parts  —  the  program  and  the  data  file. 
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The  'ata  file  can  be  stored  at  the  end  of  the  program,  or  it  can  be  stor¬ 
ed  separately  and  run  together  with  the  program.  This  is  more  acceptable 
if  many  runs  are  to  be  made  with  limited  storage  space.  If  disc  storage 
is  available,  all  comment  cards  should  be  removed  and  the  program  modified 
so  that  the  data  file  will  automatically  call  the  program  when  it  is  run. 
The  data  file  for  this  purpose  is  named  a  "call;ng  program"  and  is  a 
regular  data  file  with  the  job  control  statements  preceding  the  data.  If 
a  great  quantity  of  data  needs  to  be  reduced  regularly,  this  is  by  far  the 
most  ecomonical  way. 

The  programs  used  at  the  OSU-FPRC  acoustics  laboratory  are  used  main- 
ly  with  a  disc-stored  program  and  calling  program.  However,  the  same  pro¬ 
grams  with  separate  data  files  are  stored  in  the  library  for  occasional 
modifications  and  listings.  The  relationships  of  the  programs  anc  the 
name  of  the  programs  are  shown  in  Table  E-l .  Note  that  the  programs  on 
disc  are  not  worked  with  after  they  are  stored  but  are  called  by  their 
respective  calling  program. 

Listings  of  all  of  the  programs  and  data  files  are  presented  in  the 
remainder  of  this  appendix.  A  listing  of  the  disc-loading  routine  and 
disc-calling  program  are  also  included. 


TABLE  E-l 


ACOUSTICAL  DATA  REDUCTION  ROUTINES  AND  CALLING  PROGRAMS 


Purpose 

of 

Program 

Main  Program 
Stored  in 
Library 

Data  File 

Stored  in  Library 
For  Main  Program 

Main  Program 
on  Disc 

Calling 

Program 

Airborne* 

NOISY 

abn  //// 

AIR 

air  It  It 

Noise 

Fluid-borne  _ 

Noise 

PULSY 

f  bn 

PSI 

psi 

Structure- 

borne 

SHAKY 

sbn 

VIB 

vib 

Noise 

*The  suffix  "////"  stands  for  the  RPM  of  the  system  (in  hundreds)  on  which 
the  data  file  should  be  used.  The  data  files  will  be  different  for 
different  speeds  because  of  the  drive  system  background  noise  data  and 
correction  factors. 


Main  Program 
NOISY 
for 

ABN  Data  Reduction 


Preceding  page  blank 
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t 


I 


c 

c 

c 

c 

c 

c 


c 

c 

r. 

c 

r 

C 

c 


c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


0  I  ME  NS  ION  A  (21  ,13  I  ,LUB(  21  ,  IJ  1 ,1  '  rtl  21,  101  ,  C<  211  ,  •>  (  211  ,  T)|  21 )  , 

1  VC(  21)  i  B0(  2  1 1  ,10(21)  ,dnp(  >n  ,HP(21  I  ,LPC>1  l,CPI21  I,  CO  12’  ) ,  DO  (  2  1  ) , 

2  DP  I  21  1 , 02  ( 1 1  I ,  C  )(  ’ll  irP(  211  ,  F  P  (  211  ,D1(  21)  ,  B 1  (211  ,B1P(21  I  ,  01 P  <  21  I 
1  ,  GP  ( 2  1  )  ,  GU  ( 2  1  I  ,  M  C  (  2  I .  HP  <  2  1  I ,  UA.M21 ) ,  T  1(  21 ),  T  |P(  2 1  I ,  OP  (  2 1 )  ,  00  (  2  1 
A  I  ,  P0(  2 1 1  ,PP(  211  ,  0  A  M  (  211  ,  OP  (  2  1 1  ,01121), AP(21),RO(21),RP(21l,SP(21 
5  I  SO  I  2  1)  ,BAO(  21 1  ,SI)A  (  21 1 ,  SOP  (  21)  ,  API  21  )  ,  X0(  211  ,0  2P(  21  )  , 

6R2DI21  I  ,  R2DP121  I  ,KPI  21  I  ,K0(2l  I ,  RS  (?1  I 

DOUBLE  PRECISIDN  A  , L  Urt  , L  R H , C  ,  P  .  T (1 ,  VO  ,3 C  .  L 0 ,  BOP  ,fi P  ,  LP  ,  CP  , C 0, 

1  JO,  OP,  02,  EO,  EP,  PP.Dl,  HI,  HIP,  01P  .  GP.G3  ,hO  ,HP  ,OAP  ,  T 1 ,  T  IP  tn»  ,  00 , 
2P0.PP  .hAP.OP.uO,  AP,RO,  RP.SP  ,S  0 ,  B  AC  ,S  All  ,S  OP,  X  P ,  XO,  02P, SPT  ,  OB, 

3TP,  DBT  .  R  20, R  2DP , KP  ,  KO  ,R  S 


-CAO  the  1/3  PCTA.E  CENTER  FREOUENCIES  Tn  BE 
J  S  F  D  IN  This  PROGRAM 


A  E  A  C  (  5  ,2  0  I  (All, 11,1  =  1,211 
20  fORHATI 7F10.3I 
COnT  1NUE 


00000050 
00000060 
00000070 
00000000 
00000090 
000001 00 
000001 1 0 
00000120 
000001  30 
000001  <.0 
00000150 
000001 60 
000001 70 
00000100 
000001 90 
00000200 
00000210 
00000220 
00000230 
000002  SO 
000009  3  0 


THE  NEXT  21  NUMBERS  ARE  THF  SOUND  POWER  CALI  BRAT  I CN  00000950 

VALUES.  All, 91  BEING  THOSE  USED  FOR  CORRECTING  The  UNSNOWN,  00000-.60 

ano  k si 1 1  being  those  used  to  currect  all  other  measurements.  ooooo9bi 


KEAO(  5,2C)(A(  I  ,91  ,1  =1  ,211 

COM  inue 

RE  A0I5  ,20)  (RSI  I)  ,1  *1  .2!  I 


The  NEXT  21  numbers  Arc  the  correction  factors 

USEO  Til  CONVERT  TO  DBA 


READ!  5,20)(C(  I  I  ,1  =1,  21  I 
CDNT  INUE 


READ  IN  (N)  AND  (Ml  WHERE  INI  IS  THE  NUMBER  rJF 
MEASURMENTS  OF  the  UNKNOWN  SOURCE  TO  BE  AVERAGED  AND 
(M|  IS  The  NUMBER  OF  MFASURMENTS  of  the  reference 
SOURCE  TO  BE  Av  FRA  GEO 


REALM  5  ,1  01  N  ,  M 


READ  THE  VALUES  FUR  THE  FLUIO  PlwER  SYSTEM  PARAMETERS 
NP  =  OSU  PUMP  NUM'i  ER ,  NPR*SYST-M  PRESSUnE,  NI=INLET 
PRESSURE,  NS  *  SYSTEM  RPM,  FR=FLU  RATE,  T»M=  SYSTEM 
TE  MPE  RATURf 


RE  A0(  5  ,2  51  NP 
REAOI  5, 25INPR 


00000900 
00000990 
00000500 
00000510 
00000700 
00000710 
00000720 
00000730 
00000  7  *,  0 
00000750 
00000760 
00000770 
00000970 
00000900 
00000990 
00001000 
00001010 
00001020 
00001 030 
00001 090 
00001 050 
00001060 
00001070 
00001  000 
00001 090 
00001 1 00 
00001 1 10 
00001120 
00001 i 30 
00001190 
000011 50 
00001160 
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o  <"»  o  O  o  oo^oo  o  °  o  n  <"» 


R E  A 0 <  5,  2 5 1 N I  00001170 

PFAD(5,25INS  00001180 

REAO(5,28IFR  000011  90 

REAOI  5,  281  TEM  00001200 

28  F  ORMAT  I  I  8  I  00001  2',  0 

28  F  ORMATIF  5.  1 1  C0001220 

28  FORMAT ( 25X, 29HSYSTEM  PARAMETERS  FOR  OSU-NP-,12)  00001230 

10  FORMAT  (2  18  1  00001240 

00001280 

-  00001260 

SEAO  The  VALUES  FOR  the  UNKNOWN  SOURCE  I LU 8 )  00001270 

-  00001280 

00001290 

RE  AO  15, 2  0  I ( !IUB!  I . J * , 1=1 , 21), J*1,N)  00001300 

1FIN.E0.  1 1  GO  H.  ?1  00001320 

00001330 

-  00001340 

COMPUTE  THE  AVERAGE  OF  (N)  MEASURMENTS  OF  ( LU  3 )  00001  350 

-  00001360 

00001370 

00  40  1=1,21  00001380 

AV«0.0  00001390 

00  30  J  =  1  ,N  00001400 

AV»AV*LUB(  1  , J(  00001410 

30  COST INUE  00001420 

All  ,2  I  =A  V/  N  00001430 

40  CON  TINUE  00001440 

GO  TO  45  00001450 

21  OC  22  1=1  ,21  00001460 

A(  I  ,2I=LUB(  I  ,  11  00001470 

2  2  CONTINUE  000014  80 

00001490 

-  00001500 

OCAC  The  values  FOR  THE  REFERENCE  SOLRCE  (LRB)  00001510 

- - - .  00001520 

00001630 

45  REA0I5.20M  (LRB(  1,  J  1  ,  1  =  1  ,21  I,  J-l  ,M  I  00001540 

C  00001550 

c  -  00001560 

C  R  E  AC  The  VALUES  for  THE  OUTSIOE  SOUND  LEVEL  (Til  00001570 

C  -  00001580 

C  00001590 

READ (5 ,201 < T 1  ( 1 1 , 1  =  1  ,21  I  000016  00 

IEIM.EG.  UGO  TO  21  00 00x610 

C  00001620 

- 00001630 

C  COMPUTE  ThF  AVERAGE  OF  (M|  MEASURMENTS  OF  (LRB)  00001640 

C  -  00001650 

C  00001660 

DO  7  C  1*1  ,21  00001670 

A B  =  0  .0  00001680 

DO  60  J*l  , M  00001690 

AH=AB*LRB( I , Jl  00001700 

60  CONTINUE  00001710 

A (  I  .31  =A 8  /  M  00001720 

70  CONTINUE  00001730 

GO  TO  75  00001740 

23  00  24  1*1  ,21  00001  750 
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) 


n  n  o  n  o  o  o  n  o  ^  n  n  n  q  fi  q  o  p  o  (— >  o  o  (—1  ^  n  o  ^  n  1-1  ^  n  n  o  n  o  ^ 


At  t  ,3)*L  »H(  1  ,1  I 

C  (IN  T  !  N  UE 

00001 7 60 
00001770 
U0001 7B0 

READ  THE  TBANSMISSON  LOSS  F JR  THE  ROOM  wall  ITO) 

3000 1 6  JO 

REAOt  5 ,?  C)  (  TOt  I  1  ,1  =1  ,211 

OOUJl B20 
0000 l R JO 
00001 BAO 

READ  THE  vANt  BACKGROUND  (  V  J) 

0000  I860 

8  c  A  D  (  6,2011  V0(  1  1  ,1  *1  ,21) 

000O1  R80 
D0001R90 
00001  voo 

REA  1  THE  BUILDING  RACkoRCUNJ  (BDI 

00001920 

HEAD!  5 ,20)  1  B0(  1  1  ,1  *1,211 

000019A0 
00001950 
00001 960 

READ  THE  REFERENCE  SOURCE  FOR  OBJECTING  IVO) 

AND  (00) 

0000  I960 

READ!  5,2011  L0(  1 1  ,1  *1  .211 

000020U0 

00002010 

00002020 

RE.'Q  The  DRIVE  BACKGROUND  IN  Th£  ROOM  (02  1 

00 00 20  AO 

READ!  5,20)1021  1  1  ,1  =1  .211 

00002060 

00002070 

00002080 

READ  T He  DRIVE  BACKGROUND  Cf.  SUc  JF  THE  ROOM 

(Dl  ) 

00002100 

REAUt  5,201(0  It  1 1  ,1  •  1  ,211 

000021 20 
00002130 
000021  AO 

read  The  BUILDING  NACK&RUUNU  OUTSIDE  OF  THE  ROOM  (Bll 

00002160 

BEAD! 5, 201 (Bll  I  1 ,  1  *  !  ,21 1 

00002180 

00002190 

00002200 

READ  THE  REFERENCE  SOURCE  FIR  CORRECTING  ( D2 1 

00002220 

R  E  A01  5 , 20  l(  R  201  1  1,  1=  1,  211 

0000  2  2  AO 
00002250 
00002260 

COMPU ’E  THE  SOUND  POwEB  OF  THE  UNKNOWN  SOURCF 

IN  DBA 

00002  2  BO 

00  80  !»  1,  21 

R2 DPI  1 1*10. ••( (R20( 1 1  -7  A . 1/ 10. ! 

BDPI  1  l-BOl  1  I  ♦  R  S(  1  I-LOI  I  1 

00002  300 
00002310 
00002  320 
00002330 
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hp  « n  =  ii>.**i  tuopt  n-7  4.  i /  id.  i 
KPI  I  I  =  M  2  DP  (  l  I- HP  I  I  I 
LP(  I  I  =!0.**l  (L0(  I  1-74  .  1/  10 . 1 
CPI l I =IP  I  I  )  -  BP  (  I  ) 

|F(  BP  (  1 1  .GE  .LP(  t  I ICP  t  !  1  =  1 .0/  10.* *3.  5 
com  =  io.  *ologiojcp(  n  )»74. 

001  I  I  =  V3 1  I  I  ♦  R  S I  I  J -CO  C  I  I 

np(  i  i  =  1  j  .**(  (ooi  1 1-?4.  i/io.  i 

8  2  P  I  1  I  =0  P  I  I  I 

XPI  I  l  =  LP(  1  I-B2PI  I  I 

1  F  (  82  Pill  .GE.LPI  1 II XP  I  I  )=  1  .0/  10.  »«3.6 
XU II  I*1J.»010G10(XP(  I  I  1*74. 

<01  I  1=  1 J  .  *'JL  OG  101  KP  I  111*74. 

F  n  I  I  1  =  C?  (  I  I  *RS  (I  I-kO  I  I  I 
r  PI  I  I  =1  J.*»(  IEOI  I  1-74.  I  /l  J.  I 
FP|  I  »*  Fp  (  I  I-B2PI  I  I 

IF  e?PIII  .GE  .FPI  III  F  PI  11  =  1  .0/  10  .**3.5 
niPIIIMO.  ••Ill)  1111-74. 1/10.  I 
01PI  I  1  =  10  .••<  (  B 1  (  I  I-  74.  I  /  10.  I 
•  Pill  =0)  PI  1  I  -B1  PI  I  1 

I F  I  J IP  I I I.GF.D1PI II IGPIl I =1.0/1 0.  *•  J  . 6 
GO  I  I  )  =  13  .*0L0G1  J  (GP  I  111*74. 

HIM  I  1  =GU  1 1  I  -  TO  (  |  I 

UP  I  |  1  =  10.  •»(  I  HOI  I  I  -  74.  I  /I  0.  I 

OAP  l  I  |  =  F  P  I  I  I  -  HP  l  I  I 

IF  IMP! I  I .GF.FPI I  I  I  0 AP I  11=1  .0/10. **3.5 
7  IP!  I  1  =  10. **(  I  Til  |  1-74.1/10.1 

cpi  i  i  =  ti  pi  i  i-eip  1 1 1 

I  F  (  B1  P  (I  I .  GE.  T1  PI  I  I  I  OP  (I  1  =1  .0/1 J  ,*»3  .5 
"II  I  1=  10  .•OLOGUIOPI  I  I  I*  74. 

P0(  I  1  =00  1 11 -TCI  I  I 
PPI  I  I  =  10. *•(  I  PC>(  11-74.  I  / 1  u .  I 
B  »P  (  I  l  =  PP(  I  l*OAPI  i  I  ♦  B  2P I  t  I 
API  I  I  =13.  »•  II  A(  I  ,3  1  -74  .  I/*  0.  I 

jPi  i  i = ap  (  1 1  -  a  2  pi  1 1 

I  F  I  02P  I  I  I  .  c  .API  I  1  l.jPI  I  1=  1  .  J/1Q.  ••  3.  6 
jOj  !  |  «1J.  *01  CGI  3  I  UP*  I  I  I  *74  . 

ROI  !  >  -  A(  I  ,  21  *A<  I  ,  41-001 1  I 
PPI  I  1  =  13  .  ■>*(  turn  I  1-74. 1/  to.  I 

SPII  I  =PP(11— BAPI  I) 

IFIBAPII  I.GE.PPI  11ISPI1  1  =  1.0/10. **3.5 

At  1,6  l  =  A  I  1 ,4  1-001 1  I 

SOI  I  I  «lt).*OlOGlt)l  SPI  111*74. 

A  I  I , 6I=SU(  I  I 

H  AO  I  I  1  =1  3  .  *DL  0G1 J  I  RAP  I  111*74. 

All  ,71  =rtAOI  I  I 
P I  I  l  =  A(  1 , 61-7.0 
A( !  ,101  =  AI  I  ,6  MCI  I  I 

A  I  I  ,  )!=(  10.  *  •  I  A I  I  ,10)  /  1  0.  1  I /10.**12. 

Al  I ,B  1 =001  I  I 
All  ,1  1  I  =A  I  I  ,11 
SOA  I  I  I  =S(M  I  I  *C(  I  I 

SOPI  I  1=1 10.**(S0A( I  1/10.)  1/10.**12« 

HO  CONTI  NUE 
TP=0.0 
6  PT  =0  .0 
OB  =0.0 
00  90  !=  1,  21 


30002340 
00002  360 
00032  360 
00002370 
JOOO?  390 
00002  3  90 
00002400 
0000241 0 
00002 4  7  0 
000024  30 
00002440 
00002  4  60 
00002460 
000024  70 
00  00  2  4  BO 
03002490 
00002600 
30032610 
00002620 
00002  6  10 
00002640 
00002660 
00002660 
00  00  2  c 70 
00002  6  BO 
00002690 
00002630 
0000261  0 
00302630 
00002630 
00002640 
00002660 
00002660 
00002670 
00002680 
00002690 
00002700 
00002710 
0000272 0 
00002733 
00002740 
00002760 
00002760 
00002770 
00002  780 
00002790 
00002800 
00002310 
30002920 
00002830 
00002  84  0 
0000  2  B  60 
00002860 
00002870 
0000  2  B  80 
00002890 
000029  JO 
00002910 
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SPT  =  SP  T  »SP(  I  I  0001)2  9  20 

nn  =  oo*A( 1,10)  00002  ; 3 0 

TP=  TP‘  S0P(  1  )  30002940 

90  CUNT (NUF  00002910 

CBT  =  1  0  .»  DL0G10  ISPT  I  *74  .  00002910 

PBA1=1  C.  *DL0G1  0(  TP»1  0.  2.  )  0000  29  70 

)B  7=  OB  7  '  -  7  .0  00002980 

PP  S  =  NP H  00002984 

HPR  =  l  OR  S»FR  I  /  1  71  4.  00002981 

00002990 

-  00003000 

PRINT  Th£  OUTPUT  TABLE  Fl'R  ThE  UNKNOWN  SOURCE  CLUB)  00003010 

c  -  00003020 

C  00003030 

rtP l TE ( 6, 110)  00003040 

ftp  ITEI6,  110  I  00003010 

HRl TE (o,l60)  00003060 

riR  I  TE(  6,  1  701  00003070 

HR  IT  E(6,  120  I  00003080 

ftRI  TE (6 ,1  30)  00003090 

-FIT  (6,1201  00003100 

ftUTE(6,100l((A(l,j),J*l,  111,  1=  1,  21  )  000031  1  0 

ftp  I  TF  (6 ,1201  00003120 

hH  1  TF  (  6,  nilDBT  000031  30 

ft R| T  E (6,  133  IT  P  00003140 

HR!  TE  (  6,  1401  OHA\  00003110 

ftR  1  TE  (  6,  1  36)08  7  00003160 

WR[TE(6,120)  00003170 

wRI  TF  (  6 , 2  o  I  N  P  00003180 

HR  IT  El  6,  201  IHPR  00003181 

ftPITE (6,27 )NPR,N|,NS ,FR,T  FM  000031 90 

ftR I TF ( 6, 1201  00003200 

HP  ITE( 6,  1 21  I  00003210 

100  FORHAT  (IX  ,E6  .0  ,3  F7.1  ,F6.1 .  3F  7. 1,  3X,  08.  2,  F7. 1,  2X.F6.0I  0000  32  20 

120  c  OR  M  A  T (  lx,6jH - 300032  30 

1 -  |  00003240 

121  F0ftMA7(////)  00003210 

130  FORMA  Tt  2X,  80HF  RE  0  IUB  LRB  IP  CC1PR  LU  BA  VA  00003260 

1  PWk  CBA  FREQ  I  000032  70 

133  F  ORMAT  (1  X.17HTCT  AL  "A"  WEIGHTED  POWER - - - 000032B0 

1 -  ,08.21  00003290 

134  FORMAT  (9X.63H" ACTUAL  LEVELS  ARE  LESS  i  HAN  OR  FQUAL  TO  THOSE  PR E SFN 00003 3 00 

1TF0  BE  LOW" I  00003310 

131  FORMAT!  IX,  3lHUNWt  IGHTED  SOLNO  POWER - ,F  6 . 2  , 1  X ,  2  HOB )  00003320 

136  FORMAT (1 X.67HTFBEF  F  F  £  T  FROM  THE  SOURCE  IN  A  HER  I SP HE H 1 C AL L Y  01  VEA 00003  3 30 

1  GENT  FIELD  *♦  ,F6.3  ,1 X, AH DBA  ♦*)  00003340 

140  FORMAT  (  1  X,  67  H'-A"  n  e  !  GHT  c  0  SOUNO  POWER - 00003310 

1 - ,F6. 2  ,  IX  ,  3HD8AI  00003360 

110  FORMAT! / I  00003370 

160  FORMAT  (37X.8HOSJ-FPRCI  00003380 

170  FORMAT ( 26X  ,2 9HACCUST ICS  LABORATORY  DATA  LOGI  00003390 

2  7  FOR  MAT(  1  X,  9HPRE  SSUR  E  =  ,  I  4, 3HP  SI  ,2  X  ,6HI  NLE  T«  ,1  2  ,3HPS  I  ,  00003  4  00 

12X,6HSPEEO=,  14  ,3HRP.R,2X,  10HFLUW  R  AT  E  = ,  F  4 .  1 ,  IHG,  2 X ,  00003410 

2 1  2H  TE  M  PE  KA  TUR  f  =  ,  F4 . 1  ,1MC)  00003420 

201  FORM  AT  I  3  2X,  1  2HH0R  SE  PO  WE  R  *  ,E  6.  2  ,  2HHP  1  00003421 

STOP  00003430 

E  NO  00003440 
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-  DATA  FILE  STRUCTURE  FOR  AIRBORNE  NOISE  WITH  PARAMETERS 
LISTED  IN  ORDER  OF  OCCURRENCE  IN  DATA  FILE  - 

A(I,1)  The  21  third-octave  center  frequencies  at  which  measure¬ 

ments  are  taken  (7F10.3). 

A(I,4)  The  21  values  of  reference  source  output  to  be  used  for 

environmental  correction  (7F10.3). 

RS(1)  The  21  values  of  reference  source  used  with  R2D(I). 

C ( I )  The  21  correction  factors  for  converting  dB  to  dBA 

(7F10.3)  . 

N  &  M  N  is  the  number  of  sets  of  unknown  source  data  to  be 

averaged.  M  is  the  number  of  sets  of  reference  source 
data  to  be  averaged  (215)  . 

NP  Pump  identification  number  (15). 

NPR  System  pressure  (15) . 

NI  Inlet  pressure  (15). 

NS  System  rpm  (15) . 

FR  Flow  rate  in  gpm  (F5.1). 

TEM  System  temperature  (F5.1). 

LUB(I,N)  N  sets  of  unknown  source  output  data  (7F10.1). 

LRB(I,M)  M  sets  of  reference  source  output  data  (7F10.1). 

T(I)  The  21  outside  sound  level  values  (7F10.1, . 

TO(I)  The  21  values  of  transmission  loss  for  the  reverberant 

room  (.  .’0.1)  . 

V0(1)  The  21  values  of  diffuser  noise  background. 

B0(I)  The  21  values  of  building  noise  bad  .  round. 

L0(1)  The  21  values  of  the  reference  sourer  ecting 

VO  and  BO. 
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) 


D2(I) 


D1(I) 

B1(I) 

R2D(I) 


The  21  values  of  drive  system  background  inside  the 
room. 

The  21  values  of  drive  system  background  outside  the 
room. 

The  21  values  of  building  background  outside  of  the 
room. 

The  21  values  of  the  reference  source  for  correcting 
D2 . 


TABLE  E-2:  Data  File  ABN  ##. 


60.  oonnonfio  ion. 

70.  00000070  son. 

80.  00000080  2500. 

90.  00000000  71.0 

100.  00000100  76.1 

no.  nononiio  75. a 

120.  00000120  72. 

no.  nononiio  76. 

160.  00000140  76. 

150.  00000150  -10. 1 

160.  00000160  -3.1 

170.  00000170  1.2 

180.  OOOOOIRO  1  1 

100.  00000100  4 

200.  00000200  2000 

210.  00000210  0 

220.  00000220  non 

230.  00000230  6.0 

240.  00000240  38.0 

250.  00000250  65.0 

260.  00000260  57.5 

270.  00000270  45.0 

280.  00000280  6R.3 

200.  00000200  73.8 

300.  00000300  75.0 

110.  00000310  85. 

320.  00000320  60.3 

330.  00000530  61.8 

340.  00000340  20. 

350.  00000350  34.8 

360.  00000360  14.5 

370.  110000370  4 R  .  4 

380.  OOOOOIRO  30. 

300.  00000300  30. 

400.  00000400  46.8 

410.  00000410  30. 

620.  00000420  10. 

430.  00000430  60.3 

440.  00000440  73.6 

450.  00000450  75. 

460.  00000460  54. 

470.  00000470  65. 

480.  00000480  52.6 

400.  00000400  60.3 

500.  00000500  64. 

510.  00000510  51.0 

520.  00000520  46.3 

530 .  00000530  30 . 

540.  00000540  30. 

850.  0000055  70. 

560.  00000560  73.5 

570.  00000570  75.5 

500.  00000500  // 


125.  160.  200. 

630.  800.  1000. 

3150.  4000.  5000. 

75.1  75.0  75.3 

75.8  75.4  75.0 

74.0  74.6  75.1 

75.5  75.5  75.5 

75.5  76 .  75.5 

75.6  75.  75. 

-16.1  -11.2  -10.  R 

-l.o  -0.8  0.0 

1.2  1.0  0.5 


56.6  57.  64. 

57.8  53.2  51.3 

45.  3  40.2  OS. 4 

71.7  74.  75.3 

73.2  74.  75.8 

75.6  74.2  73.4 

74.  67.0  60.5 

66.7  62.8  60.5 

58.2  86.0  57.5 

21.5  24.  26. 

34.5  34.8  34.5 

34.5  16.  30. 

40.8  40.2  30. 

30.  40.  42.2 

30.  30.  30. 

48.5  10.  10. 

10.  30.  30. 

50.  10.  30. 

70.8  73.3  74.6 

73  .  7  71.8  74  . R 

74.6  71.2  72.  R 

55.8  53.2  74.1 

56.2  60.0  55.0 

51.7  45.8  45.3 

64.3  70.2  64,1 

60.  62.1  62. 

40.  52.  40.8 

48.6  43.1  43.6 

30.  30.  30. 

30.  10.  30. 

71. T  73.  75.8 

74.2  74.2  74.2 

75.  73,0  71.5 


250.  315.  400. 

1260.  1600.  2000. 

ninn.  Bonn.  mono. 

74.0  76.2  76.2 

74  .  5  76  .  1.  74  .7 

74.6  75.0  71.6 

75.6  76.  78. 

75.5  76.  75.5 

72.5  75.  71.5 

-R.6  -6.6  -4.8 

0.6  1.0  1.2 

-0.2  -1.1  -2.4 


58.6 

63.1 

67. 

51. 

4  R  .  7 

44.2 

46.2 

47.0 

4  7.2 

77.6 

77. 

76.3 

75.3 

75.7 

7** , 

74. 

71.2 

6  5.2 

68.  R 

71. 

/  0  .  1 

60.  2 

5R.  2 

61. 

57. 

50.6 

54.6 

2R. 

20.  6 

32.5 

34.5 

34.5 

34.5 

42. 

44.6 

4  7. 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

10. 

30. 

30. 

30. 

30. 

30. 

71.8 

74.3 

71.2 

74.0 

75. 

74.3 

73. 

72.7 

67. 

87.2 

57.6 

57. 

56.8 

60.6 

52.1 

4  7.3 

4  7.3 

4  2. 

64.1 

61.4 

65.4 

58.8 

5R . 

54.7 

51. 

53.4 

47.3 

30. 

T0  . 

30. 

3^  . 

30. 

30. 

30. 

30. 

30. 

76.1 

76.7 

75. 

75.2 

75.1 

75. 

74.1 

73.0 

68 . 3 
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.11  Me  NS  ION  A  ( 2  l  ,9  >  ,  9  J  Bf  ?  1  ,  J  I  ,  P *8  I  2  1 .  1  0  I ,  C  I  211  .PI  211.  00000050 

i  -.pel  ’ll  .apji  21 1  ,C(M?  l )  ,uPi;n  300300*0 

OUUnLF  PRECISION  A  ,  PUB  ,  pR  •«.  ,C  ,  p  , 2,  A  P  ) ,  C  P  ,  Of, ,  UP  ,  Tp  ,  0  rt |  ,  DBA  00003370 

C  00030080 

C  - - -  30033390 

c  3<;ao  t  he  21  l/.1  :i  2  t  a  v c  center  eu'.uencies  00033100 

TO  BE  US  E  u  IN  This  pfOGRAM  00 0001  10 

-  30030120 

000001 30 

Rc  AU  I  5  .2  31  (All  ,1  I  ,1-1  .31  1  OOJJOl  4  0 

20  FORMA  I l 7F  10.  II  330331  SO 

CONTINUE  00300160 

U0UOO3  SO 

c  - - -  ooojoobo 

C  T  Hf  NEXT  21  .NUMBERS  ARE  li-  CMItCTION  FACTORS  00000370 

f.  U5ru  TO  CONVERT  th  OHA  3303  3  380 

C  - - -  00030390 

C  00000403 

REAC(S,20l(:ill,l-l,2!l  330304 10 

C.INT  INUE  00030423 

C  00000620 

C  -  J0033630 

C  READ  IN  THE  NJM8ER  3F  ME A SURMI  I  T S  TO  aE  AVEPAGEO--I  N  00000640 

C  Mr  A  SUR  M£  NT  5  FOR  rue  PRFSSijrf  SOURCE,  M  FUR  T  HF  OOuOObSo 

C  riACNORuONU  NUISE,  FORMAT!  3  181  00030663 

C  - - -  33030670 

C  33033683 

rFAQIS  ,1  3  1N,M  00000690 

j  R.  RMATI2IS1  30033700 

C  33033701 

c  - - -  00000702 

C  RRAu  IN  Tor  TP  A  N  S3  UC  f  R  C  O-’RECT  I  3N  r  ACT  OR  30033703 

C  FORMAT (F 10  .?  I  03033704 

C  - - -  000007  oc 

C  33033706 

REA0I8. 1 1 ITX  00030710 

11  FORMAT  IF  1  0  .2  I  0000072  0 

C  33030721 

C  - - - - -  03030722 

C  <RAU  IN  THE  VALUES  r>  'H(  ELJID  PCM  E«  SYSTFM  PARA-  000307?' 

C  -lETEBj.  NP  =  PUMP  NUMBER,  NP9*PuHP  OUTLFT  PRESSURF,  33330724 

r.  IP^  INLET  PRESSURE,  NS  =  SYSTE3  R  P  8 ,  F’  =  FLOW  RATE,  00000726 

C  TEM=STSTEm  TEMPFRATURf  00000726 

r  - - - - -  00000727 

RFA0I5 ,1  l )NP  000007 1 0 

tf  AO  I  S  ,1  2  I  NPK  00000  740 

6FAUI  5,  12  I  IE  000007 SO 

RCAU(S  ,1  2  I' S  00000760 

AUt  5,1  I1.  FP  00300770 

RCA. 3  (S, 11  1  TFM  0000  0780 

12  FORMAT  114)  00000790 

)0=''PP  00000795 

PUR*  I  I  M  «  'P  1/1  71  ...  )  000007  96 

C  OOOOOCJO 

- - -  000008  10 

C  R  EAU  IN  the  mE/  SUREO  VALUES  FOR  THE  PTFSSURE  SOURCE  00000320 

C  FORMAT  1 7  FI  0. I  I  00000810 

C  - -  00000840 
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ooooo  n  n  n  n  ^ 


c  00030853 

RE  AO ( 5 , 20  I  ((PJB(I.J)i  l=l«2ll»J  =  l»NI  0000086  0 

0  00000880 

C  - - - - -  00000890 

C  FIND  Ti-E  AVERAGE  3F  N  MEASURMENTS  FOR  EACH  1/3  33  TA  VE  00000900 

C  BAND  FOR  THE  PRESSURE  SOURCE  00000910 

C  -  03030920 

C  00000930 

00  A 0  1  =1  ,21  00000940 

AV=0.0  00000950 

00  30  J=  1  ,  N  03000960 

A  V  =  A  V*  PUB  (  1  ■  Jl  00000970 

30  CONTINUE  00C009B0 

A(  1,2 ) =  AV / N  00000990 

40  CONTINUE  00001000 

C  00031010 

c  - -  00001020 

C  READ  IN  THE  HEASUREO  VALUES  FOP  THE  BACKGROUND,  00001030 

C  FORMA T( 7F  10.  II  3  ">01040 

C  -  OUoOl 050 

C  00001060 

REA0(5,20IIIPRB(I,JI,I=1,?1I,J=1,M1  00001070 

C  00001 080 

C  -  00001090 

C  FIND  THE  AVERAGE  OF  M  MEASURMENTS  FOR  EACH  1/3  OCTAVF  03031100 

C  BANO  FOR  THE  BACKGROUND  0G001 1 1 0 

:  -  ',0001  *  20 

C  00001130 

0  1  70  1=  1, 21  00001140 

At  =0.  0  00001  150 

00  60  J= 1 , M  00001163 

AB=  A  3*  PR  B ( I ■ J I  000011  70 

60  CONTI NUE  00001180 

A ( I,  3I=A8/H  00001190 

70  CONTINUE  00001200 

00  80  I =1 ,21  00001210 

C  30001220 

C  -  00001230 

r  CORRECT  THE  PRESSURE  SOURCE  WITH  THE  BACKGROUND  00001240 

c  -  00001250 

AP2 (II  =  1 0.**<  < A(  1,21-74. )/ 1J .  |  00001260 

AP3(It=10. **((A(  1,31-74.1/10.1  00001270 

CP  (  I  1=  AP  21II-AP3I  I  I  00001  283 

IF  (  AP3  III  .GE.  AP2  II  I  I  CP  I  I  1=1/  10  .♦•3.5  00001290 

30001300 

- - 0003131 0 

COMPUTE  THE  CORRECTED  PRESSURE  LEVELS  00001*20 

-  00031330 

00001  340 

All  ,41  *1  0.  «0LOGl 0(CP(I)I»74.  00001350 

30031 360 

-  00001370 

COMPUTE  THE  "A"  WEIGHTEO  PRESSURE  LEVELS  00001380 

-  00001390 

00001400 

All  ,51  *A  (  I  ,4|»C(II  00001410 

C  00001420 

C  -  00001430 
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o  o  O  <“>  o^oooo  ooo<^o  r>oooo  o^oooo  ooo^oo  or»° 


C  COMPUTE  the  PDwER  ASSOCIATED  WITH  THE  "A"  WEIGHTED 

PRESSURE  LEVELS 


All,  61  Ml  i,.  ••(All,  SI/10.  )  I  *  <1  ./I  0  .  **12.) 


COMPUTE  THE  POWER  ASSOCIATED  WITH  THE  UNWEIGHTED 
PRESSURE  LEVELS 


UP|  11=10. *  * I  I  A  I  1,41-74.1/10.  I 


COMPUTE  THE  "A"  WEIGHTED  PRESSURE  LEVELS  RFLATIVE  TO 
20  MN/M**2 


A(  I ,7 | =A I  l, 5  (  «TX 
All  ,81  =4<  1  ,U 
80  CONT  INUE 
T  P  =  J.O 
OB*  0.  0 
DO  00  1=  l,  21 
0B*08*  A(  I  ,6  I 
TP=  TP*CP  I  I  ) 

00  CUNT  I HUE 


COMPUTE  THE  TOTAL  UNWEIGHTED  PrESSURE  LEVEL 


061=10. •0LDG10I TP  I  •  7  4 . 


COMPUTE  THE  TOTAL  “A”  WEIGHTED  PRESSURE  LEVEL 


Ci3A  =  10  .*DLUG10(0B*(  10.  **12.  II 


COMPUTE  THE  TOTAL  "A"  WEIGHTED  PRESSURE  LEVEL  RELATIVE 
TO  20  -MN/M»»2 


08  A2  =  JEA  ♦  T  X 


PRINT  THE  OUTPUT  T  AHL  E 


WR  ITEI  0,  169  I 
WRITEI6.120I 
WRI  TEI  6,1301 
WR  ITEI  6,  150  1 
WR  I  TE  I  6 , 1 40  I 
WR  I  TT(  6,  1501 

WR  IT  E(  6,  100  II I  A(  |,  J  1  ,  J=  1,  8  I,  I*  1,  21) 
WR  I T  R I  6,  1501 


00001440 
00001450 
00001460 
00001470 
00001480 
00001490 
00001  500 
00001 51 0 
00001520 
00001 5  p  0 
30001540 
00001560 
00001560 
00031570 
00031580 
0U001 590 
3000 1  A  00 
03031513 
00001620 
30001630 
00001640 
00001 650 
30001660 
0000167 0 
OOUOI 680 
30001690 
C0001 7  00 
00001710 
00001 720 
03031730 
00001 740 
00001750 
00001760 
00001770 
33001780 
00001790 
00001  BOO 
00001810 
00001820 
00001830 
0000 ’840 
00001850 
00001 860 
30031870 
00001 880 
00001 890 
00031900 
00001910 
00001 9?0 
0300  t930 
00001 940 
00001950 
00001960 
0000197 0 
GO 001 980 
30001990 
00002000 
00002010 
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WR ! Tt ( fa,  101109  1 
WR IT  E 1 6, 102  ) OBA 

WR  I  T  e  (  6.  103I0B 
WR1  TE  16, 104  1  DUA2 
WE  I  Tc (  t,  150! 
w P  ! T  E ( 6 1  170 INP 
WR  I  TE  (  fa,  105  )  P0° 

WR  I  7£(  fa,  1  751  NPr<  ,  I  P  .NS.F  R  ,TEH 

wR  IT  E  (  6,  150  ) 

WHl  TE  lb  ,16*71  ,  r,„ 

for  RAT  (  1X.F6.0.4F10.  2.RX.U8.  2  ,Fl  0.  2  ,  FI  1 . 0  I 
IU,  format  11 X,  30  HT  or  M  PRESSURE  ------ 

102  FORMAT  ( 1  X,40H"A''  WEIGHTED  PRESSURE  --- 

103  FORMAT  (  IX,  49HTCTAL  "A"  WEIGHTED  POWER  — 

1  04^  F  ORM  AT  (  1  X,  fr  1  H "A  “  -E.GHTfO  PRESSURE  RE  L  AT  1  V  E  TO  20  MN/M..2 

1  — . ,  F7  .2,  AH  DBA  I 

105  FORMAT  (3  2  X  ,1  2  HHORS  E  POwE  R=  ,  Ffa  .  2,  2HHP 
110  FORMA  Tl  5 F  1  0,  3) 

120  FORMAT  (  3  7X  ,  6  HOSU -F  PR  C  I 

130  F  ORMAT  ( 26X  ,29HAC  OUST  ICS  L  A0  1R  AT  OUT  D»U  ^OGl  ,  j,  x 

140  FORMAT(2X,AHFREg,6X,5HPRRSS.6X,3HdKG.6X,<.HCORP.74,3H 

1  5  H  POWER,  &X  ,  fa  HR  EL -20,  AX,  4  HER  EO  I 


100 

101 


,r  4.  2  ,  IX,  2H391 
—  — —  —  - —  -  i  F  6  •  2«  ** H 


C  S  3  S  3  3  —  —  — •  —  1 
CB3BB=B  =  =*3) 


::s«*3S32I3«3:s!  =  a=  ==  : 


b  s  ssssBrexi 


1  6J  FORMAT  l  8  OH  =’ 

|B3BI«BtS a*=== 

169  F  CRM AT  (////)  ^  ... 

17n  FnRMAT<25X.?9HSrSTEH  PARAMETERS  FOR  0SU-NP-,I2> 

1  7  5  FORMAT  (  1  X,  9HPRESSUR  E  -  ,  I  A,  WPS!  ,2  X  ,6H  I  NLE  T  =  ,  I  1  ,  3H  PS  l  .?X, 
16HSPEE0=,  I4.3HRPM, 2X , 10HFL0W  R AT  E» , F 4 .  1 ,  ,HG ,  2 X. 
712HTEMPERATURE-,F4,1  ,IHC1 

STOP 
c  NO 


00002020 
00002030 
00002040 
00002050 
00002050 
00002070 
00002  080 
000020B5 
00002090 
00002100 
00002110 
00002120 
000021 30 
DBA  1 00002 l 40 
-,  00002150 

00002 l bO 

- 000021  70 

00002190 
000021 65 
00002190 
000022  00 
00002210 
00002220 
00002230 
00002240 
00002250 
00002  2  bO 
OOOU22  70 
00002280 
00002290 
00002300 
00002310 
00002320 


97 


I 


-  DATA  FILE  STRUCTURE  FOR  FLUID-BORNE  NOISE  WITH  PARAMETERS 

l 

LISTED  IN  ORDER  OF  OCCURRENCE  IN  DATA  FILE  - 

I 

l 

A(I,H  The  21  third-octave  center  frequencies  to  be  used  in 

the  program  (7F10.1). 

C ( 1 , 1 )  The  21  correction  factors  to  convert  dB  to  dBA. 

N,  M  N  -  The  number  of  sets  of  unknown  source  measurements 

to  be  averaged. 

M  -  The  number  of  instrumentation  background  noise 
measurements  to  be  averaged  (215)  . 

TX  Transducer  correction  factor  (15)  . 

NP  Pump  identification  number  (15) . 

NPR  System  pressure  (15) . 

IP 

NS  System  rpm  (15)  . 

FR  Flow  rate  in  gpm  (F5.1). 

TEM  System  temperature  (F5.1). 

PUB(I,N)  The  N  sets  of  21  measured  values  for  the  unknown  noise 

source . 

PRB(I,M)  The  M  sets  of  21  measured  values  for  the  background  noise 

measurements . 
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TABLE  E-4:  Data  File  FBN. 


•  o  o  oc 
c  c  c  • 

C  C  c 
c\'  I 


CT  ID  4  N 


m  c  c  ^  r  c 
in  r,  ^  rp 


•  c  c:  ir.  »~: 

lt.  c:  c  •  cr  . 

Hl£  C  C  •  f—1. 

K'.  »— *  CC  I  rH  I 


rA  cr  cr  cm  c  c~ 

LA  n  rA  ir.  K'.  fP. 


•  ecu:  cm 

C  LT  c  •  LT.  • 

IP,  CSJ  K'.  oc  •  C 

(N  C  I  c:  I 


lt  04  cr  j-  cr  cr 
^  rr  r  fp.  rp. 


•  .  oc 

•  c  c  • 

cr  c:  cr  cr  o  lt. 

C  C  C  r:  •  • 

C\  Hir.  I  c  C 


cr  04  c  h  c  c 

LA  .  J  r.  IA  r  tA 


-  cm 

•  *  cr  •  oc 

c  c  c  r.  •  cr 
ICCC  r;c  • 
i-'  OC  I  I  r- ? 


n  cr  cr  h  cr.  cr 

ip.  fp.  fp.  lt.  rp  fp. 


•  •  c  •  cr. 

LT.  C  LT.  CC  •  CM 
CNI  K".  r-H  rH  •— t  ■ 

h  ir  r  i  i  »-h 


h  h  cr  cr  cr  c 
m  r.  r,  n 


•  •  C  • 

C  C  C  C  •  CM 

C  c  UL  H  ?A  ■ 

r—1.  lt.  cm  I  i 


rp  c  c  c  oc  c 
•  c  o  •  •  k".  lt. 

is  cm  ururcc  •••••• 

cm  fp.  ^  cm  cr  cr  cr  cr 

r-f  -d-  fP.  fp.  fP.  K\ 


occccocococc 

ICNCCCT.  CHCNK'.oriniCN 
CCCCHHr!Hr!r!r!H 

occccccccccc 

ooooocooccoo 

cccccccccccc 

cccocccococc 

occccccccccc 


occoooccc 

oocrcHCM^,  j-iArs 
r-:*-?  cm  cm  cm  cm  cm  cm  cm 
ccccccccc 
ccocooooo 
ccccccccc: 
coccococo 
ccccccccc 


ocoococccoococccoooco 

LDO-CCCOHOJfA^lAirNCCCrCHOJhAJ-LTN 

HHHHHHHHHHCNOJOJCNOJCSJCN 
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Main  Program 
SHAKY 
For 


s 


\ 


SBN  Data  Reduction 


O  o  O  r"'  OOo°rlO  o  o  o  ^ 


!)l  MENS  ION  A(21,lOI,VUH<  21  ,  10  I ,  '/A  0  (  2 1 ,  1  01  ,CI  211  ,J0t  211  ,  00000050 

1  A  p  2  (  2 1 1  ,  A  P  3  (  2 1  I  ,CP(21  I  |UP(2’  1  00000060 

DOUBLE  PRECISION  A  ,  VUB  ,  VP  B  ,C  .  A  P2  ,  A  P3  P  ,0B  ,IJP  ,  T  P  ,  OBI  ,  CB  A,  00000020 

1AC.VE.0I  00000080 

C  00000090 

c  -  00000100 

r.  READ  1  HE  21  1/3  OCTAVE  CENTER  FREQUENCIES  TO  BE  00000110 

C  USED  IN  THIS  PROGRAM.  F 0 RH AT ( 7 F 1 0 . 1  I  0O000120 

C  -  00000130 

C  000001  AO 

RE  AO  (5  ,2  011  A<  I  ,1  I  ,1=1  ,2!  I  UOOOOI  5  0 

70  FORMAT | 7F  10 . 1  I  00000160 

CONTINUE  00000170 

r.  00000630 

C  -  000006A0 

C  REAO  IN  THE  NUMBER  OF  MEASURMENTS  to  BE  AVERAGED--I  N  00000680 

C  MEASURMENTS  FOR  THE  VIBRATION  SOURCE,  M  FOR  ThF  00000660 

f  BACKGROUND  NOISE.  FORMAT (2151  00000670 

-  000006B0 

C  00000690 

RE A0(5 , 1 0  IN, M  00000691 

10  FCRMAT(?;5I  00000697 

C  00000693 

C  -  000006  94 

C  R  F  A ,)  IN  the  "VGLTAGE  ’  U  ACCELERATION"  TRANSDUCER  00000698 

C  COR «  EC  T  I  ON  FACTOR  (F1O.0I  00000696 

C  - -  000006  97 

C  00000698 

8M2I  5.99ITX  00000699 

99  Fu»MAT  (FIO.BI  00000701 

C  00000711 

C  - . - - - -  00000712 

c  READ  IN  THE  system  parameters.  NP-PUMP  NUMBER,  00000713 

NPR=SySTcN  UUTLET  PRESSURE,  (P-SYSTEH  inlet  PRESSJRf,  00000714 

NS=SYSTEM  (PH,  fj= SYSTEM  flow  RATE,  TEM=SYSTEM  00000715 

TEMHtRATURF  00000716 

- 00000717 

00000718 

HFA0I5.12INP  00000720 

RCADI 5.12INPR  00000730 

R  FAOl 5 , 1 2  I  IP  00000740 

RE  AD  (5  ,12  INS  00000750 

REA0(5,11IFR  00000760 

RFA0J5.ll  ITEM  OC 0007  7 0 

11  FORMAT  I F5 . 1  I  00000780 

12  FORMA  T< I  5|  00000790 

OOOOOBOO 

-  000008 l 0 

R  FA J  IN  THE  MEASURE3  VALUES  FUR  THE  VIBRATION  SOURCE  00000820 

FORMAT  (7  FIO.  I  I  00000830 

-  00000840 

00000850 

RFA0I5, 20  III  VUBII.JI,  1-1,2’.  I .  J  -  l .  N  I  0000086  0 

00000880 

-  00000890 

FIND  TrE  AVERAGE  JF  N  MEASURMENTS  FOR  EACH  1/3  OC Ti  VF  00000900 

BAND  FOR  THE  VIBRATION  SOURCE  00000910 

I  -  00000920 
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0O0000  n  n  n  n 


C  3000093  0 

0C  -.0  I  =  1.21  0000099 0 

4V=0.  0  00000950 

00  30  J*  1 ,  N  00000060 

AV  =  AV*VU  B(  I  .  .1  I  00300970 

30  CONTI NU€  OOJ309MO 

All, 2I=4V/N  00000990 

90  C0NT  INUF  00001  000 

f.  00001010 

C  -  30001020 

C  A  F  AO  IN  THf  MEASURFD  VALUES  FOR  ThE  B4C.K.GKf)UNb  ,  00001  030 

C  F  OR  NA T  l  7 F  1  0*  1 1  00001090 

r.  - - -  ooojijio 

C  00001060 

RTAOI  9  ,2  01  (  (  VRb<  I  ,  Jl  ,  I  =1  ,21  1  ,  J  =  1  ,  Ml  00001070 

C  00001090 

c  - - -  ooooi  o  ;o 

F  I  NO  THE  AVERAGE  OF  H  M£  A  SUA  ME  NT  S  FUR  EACH  1/3  OCT  Av  F  OOOOlloO 

l\ANO  F  OH  THE  OACuGROUNO  00001  1  10 

- -  00001120 

00001 1 30 

0)  70  1=  1,  21  03001  19  0 

AtisJ.J  00001  190 

in  60  J=1  ,M  03001 160 

4ri=4d«VRB<  I,  J  I  00001  1  70 

60  CONTINUE  00001  1  HO 

CBMI'Ab/M  00001  190 

70  Cl'NT  INUC  00001  2  JO 

00001201 

-  00001202 

OFAU  IN  T  hc  TAAlSOUClA  CflBRECTtUN  FACTORS  AT  0000120? 

FACH  1/3  OLTAVF  CENTER  FRFggcticy  00001 2  J9 

. . . . . --- .  00001  209 

OOOOI 206 

•'EAC(9,2  0I(UP(II,1  =  ],21I  00  001210 

3000121 1 

. - - - - -  00001212 

COMPUTE  the  ACCELcRAT  ION,  velocity,  and  ooooi 2 1 1 

DISPLACEMENT  00001219 

-  0J001219 

0000121 6 

00  8  0  1*1,21  0  JO  31220 

AP-*  1  I  l  =  (  9  10  ,*»6)  •(  10.  *»  I  A1  1 , 21  /  20,  1 1  00UJ1  2  30 

AP? ( I  I =( 5./1  J.**6l * ( 10.**  <09(11/20. II  000012  90 

CPI  1  l»AP  2(  T  l-AP  31  1  It  UP  I  I  )  •(  4P2(  1 1-AP31  I  I  I  J0001290 

IF  (  AP3  1 1  I  -GE  .AP2  (  I  I  I  CP  1  11=  1  ./10.  **3.9  00001299 

ill  ,  II  =CP<  I  I  /Tx  OOOOI  26  3 

41  1,91  =  41  I,  T|/A(  1,  II  OOOOI  2  7  J 

A(l, 71-AII, 9  )  /  A  (  |,1  )  0000'  2  H  0 

A  (  |  ,9|  =2  C.  *  (  DL  0G10I  A  (  |  ,3  )  1*9  .  )  000  Jl  2  9  I 

41  [ ,  6  1  =  2  J  .  *<  01  CG  101  A  (  I  ,  91  I*  8.  I  OOOJl  3  JO 

A ( I ,8  1 =2  0.* ( 0LUG10 IAII,7ll»ll.l  OOOOI 3  U' 

All, 97  <A  (1,1)  30001  320 

MO  CUNT  INUF  OOOOI 330 

AC =0.0  OOOOI 34 J 

VF  =  0. 0  30001  391 

OI’O.O  00001  360 

00  91  1=1,21  0J001 ?70 
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AC=ACfa|  I  ,31 
VE  =  VE«A(  1  ,51 
0 1  -*0  I  ♦  At  1,7  1 
SI  CONTINUE 

ACC  -  20.*  (  ULOG  I  Ot  AC  It  5.  I 
V  E  L  =20  .•(OLOGIOIVE 1*8.  I 
01  S  =  20 . • ( 0 C0G1 0(01  I M l  .  I 
WR 1 TE<  fa,  1691 
W»IT  c  to,  120  I 
wRI  TFte.noi 
wH  t  T  E  I  t,  1501 

writf<6,  l  =. o ; 

HOI  TE  (  6,  1  01 1 
WR  ITE!  6,  1501 

WRITE  16,1 00  ll(A(t,J),J=l,  91,1=1,211 

wRI  TEt  6,  1501 

wP  IT  E(6,  90  IACC  ,  VFL  ,0  I  S 

„R I TF  <6 ,96  I  AC ,VE , J  I 

wR  I  TE  I  6,  1601 

wRITECfe, I/O INP 

wRI  TE  (  6 , 1  751  NPP  ,  I  P  ,  NS  ,  F  « ,  T  EM 
W!>l  TF<  f  ,  1501 
„R IT  E(6,  169  I 

60  F0PMATIIX.17HT0TAL  LEVELS  ( OH  I , 9 X , F5  . 1 , l 3X , F 6 . 1 ,  1  3X , F 6 .  1  I 
95  FORMAT!  IX,  12HTUTAL  L  E  VE L  S  ,  S X  , E  8.  2  , 1 1  X  ,E  8.  2  , l  1  X  ,  F  B .  2  I 
100  FORMAT  (1X,F6.0,F7.1,  El  2  .2.F7  .1,  El  2. 2,  FT.  1 ,  E  12.  2,  F  7.  1.F9.0I 
l  01  FORMAT  (  l  0X.2HUB  ,6X  ,6HM/S*  »2  ,5  X  ,  7  HD  B  ,  7  X  ,  3  HM/  S  ,  7X  ,  2HDb,  8.’.,  1  HM,  8X, 
Irtl 

120  FCRMAT<37X,8HnSU-FPRCf 

130  FORMAT!  26X.2  5HAC0USTI C  S  LAGORATORV  DATA  LOGI 

150  F0PMAT(2X,6HFRFJ,3X, SHlNPu:,5x, l 2h ACCELERATION, 9X,8HVEL0CI TV,9X 
1  HOI  SPLACT  MENT  ,6X  .6HFHECI 

150  FORMAT! « CH  ***•«*«***««•«•*»•**»*•*•**•***•**•*»*•»•*»********• 

1 o 9  FORMATI////I 

170  FORMAT!  25x,  29HSrSTt  M  PARAMETERS  FOR  OSU-NP-.UI 
1 75  FORMAT ( 1X,9HPRFSSURF= ,16,3HPSI.2X,6m1nifT=,:1,3HP5I.2X, 

1 6MSPEE0= ,1 a,3HPPM,2x, IOHFLCm  R  AT  E  =  ,  F6 . 1  ,  l  HG ,  ?  a  , 
212HTEMPERATURE=,F6. I, IHC I 
S  'OP 
END 


00001380 
00001390 
00001-00 
00U0161U 
0000 1620 
00001  630 
OOOul 660 
00001630 
0C001  690 
00001 500 
00001510 
00001  520 
0000  1  5  30 
00001560 
00001550 
0000 1 5oO 
00001570 
00001  580 
OOOOl 590 

00001  h  00 
00 UO 1 6 1 0 
00001620 
OOOOl 630 
0000 1660 
00001650 
00001660 
7HD000016TO 
00001530 
00001690 
00001700 
,1200001710 
OOOOl 720 
•*♦00001730 
OOOOl  760 
0000 1 7  50 
00001760 
OOOOl  770 
00001780 
00001790 
00U01  800 
00001810 
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-  DATA  FILE  STRUCTURE  FOR  STRUCTURE -BORNE  NOISE  WITH  PARAMETERS 


A(I,  1) 
N,  M 


NP 

NPR 

IP 

NS 

FR 

TEM 

VUB(I.N) 

VBR(I.M) 


UP(I) 


LISTED  IN  ORDER  OF  OCCURRENCE  IN  DATA  FILE  - 

The  21  third-octave  center  frequencies  to  be  used  (7F10.1). 

N  -  The  number  of  sets  of  unknown  noise  source  measurements 
to  be  averaged. 

M  -  The  numbet  of  sets  of  instrumentation  background  noise 
to  be  averaged  (215)  . 

Pump  identification  number  (15). 

System  pressure  (15) . 

System  rpm  (15)  . 

Flow  rate  in  gpm  (F5.1). 

System  temperature  (F5.1). 

The  N  sets  of  21  measured  values  for  the  unknown  source 
(7F10.1) . 

The  M  sets  of  21  instrumentation  background  noise  measure- 
men  ts  (7F10 .1) . 

The  21  transducer  correction  factors. 
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IT. 

•  r 

•  •  C  rl  N  ^  H  h  CC  H 

n  n  r*  •  •  •  •  •  .rr  W 

lc  c  cr  Nocr.  -=f  lp.  lc  •  .  c 

H  oc  -  IT.  IT.  in  ^  C  I  • 


•  •  c 


CN!  r~*.  OC  CC 


IT. 

r-J  K*. 


CvJrAiH  C  C*  N  ^  1C  C  •  »C 

h  ic  n  lp.  ^irun^^rc  i  • 


OC 


c~  oc 

*  h  in  n  c  in  in  c  ir  .  h  in 

•  •  c  lp.  c  oc  •  •  cr  h  oc  p  r-  •-:  lc 

c  c  c  cr  c  cr  c  lp. . . 

h  c  in  c  cm  h  id  id  cr.  occicin  •  •  c 
r-i  lp.  l  • 


ocrcccroocccooooooccco  o 
id:  oc  crCHCJfnj-iniDr^coa'CHcvjip.4,inN 

C  C  c  C  p:  r!  H  rl  H  rl  r!  r!  pi  r!  W  CM  W  (M  C-J  M 

oocoocccooocooooccooc 

ooooooooooooococoooco 

OOCOOOOCCTOOOCTOOOOOOOC 

ooccoococoococoocccco 

coccoocoooooooococcoo 


TABLE  E-7:  SBN  Sample  Output. 


PRLSSlJRt  =  2nnOPS  i  l  NI.P.T  =  5PS  |  SPF.  FD  =  1 P  H  5  R  PM  Ki.OW  RATF.  =  R  0  .  Ofi  TFMPF  RATI  IP  F  =R  5  .  5  C 

**********************************************»***************V**************** 


Disc  Load  and  Call  Routines 
For 

Oklahoma  State  University  Computer  System 


109 


Preceding  page  blank 


i), 'noise' /wsnLEVEL»( n, n ) 


•.no.iooin  //npisf***  job  ( 
..nnoooii  //  plass-b 
r,ori(inn?n  /«poitf  print  n.in 
nnooooso  //  fxfp  fpothpi. 
rpnnnnuo  // fppt. oysim  no  * 
roooooso  dimension 


MAIN  PROGRAM 


; n  o  n  ?  u  r  n  end 

'•.000  2890  //I  XFr.  PYSI.^nn  nn  PSNAMF-PSII.ACT17FR7  .  FP9P,PI  SP-PLP 

n n o r, 2 5 o o  / / 1  kfp.  '■ysin  pp  • 

-nnoisin  man f  ppa(p) 

rnor,  -r,  ?o  // 


CALLING  PROGRAM  AND  DATA 


nr. or  coin 

/ / PPAXXXXX  JOB  ( 

.1), 

'FLUPTT', 

MSPI FVFL-10, 

0) 

f  0  0  0  7  n 

/  •PPI'TF 

point  run 

^  r  no50 

//  FXFP 

PGM.PRA 

r  rouo 

// rTFPLlR  PP  PSNAi'F- 

PFI'.ACT17FR7,FpPC 

, PI SP» SUP 

‘  C.1 5 0 

//FT05F001  PP  • 

■  -.0  0060 

1 

1 

ii.v  P070 

10 

200  0  2000 

2fi.fi 

38.0 

'!;•  f  (,0080 

57.3 

F2.7 

5F.fi 

50.0 

78.7 

fifi.R 

G1.3 

• • rooooo 

F3 . 0 

71.1 

71.li 

fit).  fi 

50. 

58.7 

5F.7 

vr.ioiOO 

58. F 

57. 

5  F .  0 

57.3 

58.3 

50. 

5R.3 

•ifinnun 

F8.7 

71.7 

77.8 

75.0 

75.7 

75.7 

78.7 

.i  onoi  70 

73.3 

73.7 

71).  2 

71). 7 

78.7 

75.1 

7  8.0 

.  -0  0130 

75.7 

7U  .  0 

73. F 

73.1 

73.3 

72." 

FT. 3 

onoi  uo 

01.7 

fill .  5 

FI.  5 

70. 0 

8fi . 

78.8 

fiR. 

-iinnni  so 

77.0 

78.7 

81.8 

80.3 

78.8 

71. 

FO ,  8 

•"nnifo 

fo.s 

FF. 

F8 . 7 

FO,  8 

70.3 

FO. 

F8.3 

•100170 

70. 

71.5 

21). 

?F. 

2R . 

20.5 

37.5 

■/uinun 

38.5 

31). 5 

3li.5 

3ti. 5 

38.5 

38.5 

38.5 

..oooioo 

3A.  5 

31). 5 

3fi . 

30. 

82. 

88.5 

87. 

11(100200 

57.2 

5fi .  7 

57. 

1)0. 

50. 

53.o 

58.3 

'  000210 

5  7.  F 

51). 5 

51). 

51.7 

50.3 

51. 

88.2 

TO  0  220 

51.0 

1)0. 

iifi.fi 

1)5. 

85.2 

85.8 

81.7 

-.000230 

47.2 

3° . 

30. 

30. 

30. 

30. 

30. 

1000240 

30. 

30. 

30. 

30. 

30. 

30. 

30. 

0000250 

39. 

30. 

30. 

39. 

30. 

30. 

30. 

••’0  00  0  200 

77. 

72. 

71). 

7F.3 

77. 

77.3 

75.7 

.1000270 

79. 

71). 

71). 7 

78.3 

75. 

75. 

78.0 

.000280 

75.1 

71). 5 

73.1 

72.fi 

77. R 

77.8 

Ffi.7 

•  1000200 

FO.R 

FO. 

Fl.l 

5  F ,  7 

Fl.l 

FO.F 

58. 

1000300 

FI  .F 

50. 

B3.8 

50. 

57, F 

B3.R 

58.8 

'  1000310 

5  8,8 

51). F 

lifi.P 

5  0.7 

88.2 

85.7 

83.5 

•10003  20 

F]  .2 

FF.fi 

F4 .  2 

71.5 

75.8 

70. 

71.3 

0000330 

83. F 

7F .  3 

7fi;  7 

78.7 

7F.1 

73.2 

73.3 

'0000340 

77.3 

FO. 

fiO.F 

75.) 

75.2 

77.0 

F5.7 

1000350 

AB.3 

liR.fi 

1)3.3 

83.fi 

30. 

30. 

30. 

.10000300 

30. 

30. 

30. 

30, 

30. 

30. 

30. 

T'000370 

30  . 

30. 

30. 

30. 

30. 

30. 

30. 

0  1000380 

70.0 

71.1 

73.5 

75. F 

75.8 

7fi ,  8 

78.0 

21000300 

73. F 

71). 7 

71). F 

78.fi 

75.7 

75.3 

75  , 

000400 

75.3 

75.7 

71). 

73.8 

78.7 

73.8 

F8.3 

-nnniiin  //rroFFOoi  pp  syspiit-a 


i; •> 00 1* 70  // 
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APPENDIX  F 


TEST  CODE  FOR  MEASURING  AND  REPORTING  SOUND 
GENERATED  BY  HYDRAULIC  PUMPS 


NOTE:  This  document  represents  the  project  staff's  interpretation  of 
the  guidelines  outlined  at  the  May  1973  meeting  of  ISO/TC  131/ 
SC8/WG1.  Supplementary  information  has  been  added,  when  it  was 
thought  that  such  information  would  help  to  clarify  the  intent 
of  the  document.  A  draft  document  from  ISO/TC  131/SC8/WG1 
should  be  completed  by  mid-1974. 
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TEST  CODE  FOR  MEASURING  AND  REPORTING  SOUND 
GENERATED  BY  HYDRAULIC  PUMPS 


1.0  INTRODUCTION1 


In  hydraulic  fluid  power  systems,  power  is  transmitted  and  controll¬ 
ed  through  a  liquid  under  pressure  within  an  enclosed  circuit.  Pumps 
convert  mechanical  power  into  hydraulic  fluid  power.  Some  noise  is  created 
during  the  power  conversion  process.  The  sound  level  which  results  be¬ 
cause  of  noise  emitted  by  the  pump  is  an  important  consideration  in  com¬ 
ponent  sel'  ction. 

2.0  SCOPE 


To  prescribe  procedures  for  the  determination  of  the  sound  power 
level  of  a  hydraulic  pump  under  controlled  conditions  of  installation 
and  operation  suitable  for  providing  a  basis  for  comparing  the  airborne 
noise  levels  of  pumps: 

2.1  in  terms  of  A-weighted  sound  power  level. 

2.2  in  terms  of  octave-band,  sound-power  levels.  For 
general  purposes,  the  frequency  range  of  interest 
includes  the  octave  bands  with  center  frequencies 
from  125  to  8000  Hz. 

2.3  excludes  the  determination  of  directivity  characteristics 
of  the  acoustic  radiations. 

3.0  FIELD  OF  APPLICATION 


This  document  is  applicable  to  all  types  of  hydraulic  fluid  power 
pumps  operating  under  stated  steady-state  conditions,  irrespective  of 
size  except  for  limitation  imposed  by  size  of  test  environment. 

4.0  MEASUREMENT  UNCERTAINTY 


Measurements  made  in  accordance  with  this  international  standard 
tend  to  result  in  standard  deviations  which  are  equal  tc  or  less  than 
those  given  in  Table  I.  The  standard  deviations  taken  into  account  the 
cumulative  effect  of  all  causes  of  measurement  uncertainty,  excluding 
variations  in  the  sound  power  of  the  source  from  test  to  test.  For  a 
source  which  emits  noise  with  a  relatively  flat  spectrum  in  the  100  to 
10,000  Hz  frequency  range,  the  A-weighted  sound  power  level  is  determined 
with  a  standard  deviation  not  more  than  2  dBa. 

5.0  TERMS  AND  DEFINITIONS2 


1 


Text  will  be  modified  by  WG1 


2 


To  be  completed  by  WG1 
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TABLE  I:  STANDARD  DEVIATION  (IN  dB)  OF  SOUND  POWER  LEVEL  DETERMINATION 


Tes  t 

Environment 
(See  Section  8) 

Grade  of 

Octave 

Band  1; 

ra 

Measurement  - 

125 

250 

500 

1000-4000 

8000 

Anechoic 

Precision 

1.0 

1 .0 

1.0 

0.5 

1.0 

Semi-Anechoic 

Precision 

1.5 

1.5 

1.5 

1.0 

1.5 

Reverberant 

Precision 

3.0 

2.0 

1.5 

1.5 

3.0 

Semi-Anechoic 

Engineering 

3.0 

2.0 

2.0 

1.5 

2.5 

Semi -Rever be  rant 

. 

5.0 

3.0 

2.0 

2.0 

3.0 

TABLE  II:  DOCUMENTS  TO  BE  USED  FOR  TEST  FACILITY  PERFORMANCE  QUALIFICATION 


Environment 

in 

Facility 

Grade  of 
Measurement 

Applicable  Document 

Anechoic 

Precision 

Annex  A  of  DISxxx  (Part  V  document) 

Semi-Anechoic 

Precision 

Annex  A  of  DISxxx  (Part  V  document) 

Reve rberant 

Precision 

See  Annex  to  CIS  2946 

Semi-Anechoic 

Engineering 

Annex  A  of  DISxxxx  Part  IV 

Semi -Reverberant 

Engineering 

See  Section  3  of  DISxxxxx  (part  III 
document 

6 . 0  SYMBOLS1 
7  .0  REFERENCES1 
8.0  TEST  ENVIRONMENT 


Tests  are  to  be  made  using  one  of  the  acoustical  environments  listed 
in  Table  II.  The  test  facility  must  meet  the  measurement  performance 
requirements  (standard  deviation  limits)  indicated  in  the  appropriate  doc¬ 
ument  . 

9.0  INSTRUMENTATION 

9.1  Instrumentation  to  measure  oil  flow,  oil  pressure,  pump  speed, 
and  oil  temperature  is  to  be  in  accordance  with  the  proposed 
SC8  pump  testing  document  for  'industrial  class'  accuracy  of 
testing. 

9.2  Instrumentation  of  the  acoustical  measurements  shall  comply 
with  Section  4  of  the  ISO/TC  43  documents  on  the  "Determination 
of  Sound  Power  Emitted  By  Noise  Sources." 

10.0  INSTALLATION 

10.1  The  hydrrulic  circuit  is  to  include  oil  filter,  oil  cooler, 
and  reservoir  and  restrictor  valves  as  required  to  meet  the 
pump  hydraulic  test  conditions. 

10.2  The  test  fluid  and  filtration  level  shall  be  in  accordance 
with  manufacturer's  recommendations. 

10.3  Inlet  and  discharge  line  diameters  shall  be  to  the  raanufac- 
turer's  recommended  installation  practice. 

10.4  Exercise  extra  care  in  assembling  inlet  lines  to  prevent  air 
leakage  into  the  circuit. 

10.5  Locate  inlet  restrictor  valves  required  as  far  as  is  practi¬ 
cal  upstream  of  the  pump  to  minimize  aeration  to  pump  inlet 
port. 

10.6  Locate  the  inlet  pressure  gauge  at  the  same  height  as  the  in¬ 
let  fitting  or  calibrate  gauge  for  height  difference. 

11.0  MECHANICAL  EQUIPMENT 

11.1  Wrap  all  fluid  lines  and  load  valves  in  the  test  space  with 
acoustical  barrier  material  as  desired.  A  suitable  material 
will  have  at  least  10  dB  transmission  loss  at  100  Hz  and 
higher  frequencies. 
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11.2 


Locate  the  drive  motor  outside  the  test  space  and  drive  the 
pump  through  a  long  shaft  or  isolate  the  motor  in  an  enclosure 
Construct  the  pump  mounting  so  that  it  will  minimize  the  sound 
radiated  by  it  due  to  pump  vibrations.  Vibration  isolation 
techniques  can  be  employed  even  if  the  pump  is  usually  solidly 
mounted . 

11.4  The  size  of  flange  mountings  shall  he  as  small  as  practical 
to  minimize  interference  with  radiation  of  sound  towards  the 
shaft  end  of  the  pump. 

12 . 0  OPERATING  CONDITIONS  S  TEST  PROCEDURE 

12.1  Background  Measurements 

12.1.1  Disconnect  the  drive  shaft  coupling  at  the  pump, 

12.1.2  Operate  the  pump  drive  system  at  the  speeds  at 
which  pump  will  be  tested. 

12.1.3  Obtain  the  background  mean  levels  in  each  octave 
band  of  interest  and  the  "A"  weighted  total  level 
or  linear  total  level  in  dB . 

NOTE:  It  is  recommended  that  the  background  levels 

be  obtained  while  the  system  is  operating  under  test 
conditions  with  the  pump  covered  by  a  sound  isolator 
with  a  noticeable  transmission  loss.  If,  after  pro¬ 
perly  covering  the  pump,  the  recorder  sound  level 
does  not  noticeably  decrease,  then  it  is  highly  pro¬ 
bable  that  the  measured  level  is  not  associated  with 
:he  pump,  and  the  test  should  rejected. 

12.2  Pump  Measurements 

12.2.1  Connect  the  pump  drive  coupling. 

12.2.2  The  pump  should  be  operated  for  a  sufficient  time  to 
purge  air  from  the  system. 

12.2.3  Operate  the  pump  at  conditions  specified  for  the 
test.  Stabilize  all  variables  including  fluid 
condition.  Maintain  conditions  within  limits  spe¬ 
cified  in  Table  III. 

TABLE  III 


Test  Parameter 


Maintain  Within+ 


Flow 

2% 

Pressure 

2% 

Speed 

2% 

Temperature 

3°C 
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12. 2. A  Measure  temperatures  and  pressures  at  pump  inlet  and 
discharge  fittings  or  at  test  station  provided  by 
manufacturer . 

12.2.5  Measure  pump  mean  sound  pressure  levels  in  each  octave 
of  interest  and  the  "A"  weighted  total  level  or  linear 
total  level  in  dB. 

12.2.5  Near  the  end  of  a  test  serif- ;  or  after  one  hour  of  test¬ 
ing,  repeat  the  conditions  run  early  in  the  series.  In¬ 
validate  the  test  series  if  the  measured  sound  level  does 
not  duplicate  that  ot  the  earlier  test  within  2  dBA, 
uncorrected . 

NOTE:  Some  pumps  must  wear-in  before  their  sound  levels 
become  stabilized.  Step  12.2.6  is  only  necessary  with 
new  or  rebuilt  pumps. 

10.3  Calculation  of  Sound  Power  Levels 


12.3.1  Correct  octave  band  pressure  levels  and  "A"  weighted 
sound  levels  for  backgroudn  noise  in  accordance  with 
the  appropriate  section  of  the  ISO/TC  A3  documents  on 
the  "Determination  of  Sound  Power  Emitted  By  Noise 
Sources  . " 

12.3.2  Void  the  test  if  the  difference  between  the  pump  and 
background  levels  is  less  than  A  dBA.  Exception:  A 
manufacturer  can  use  such  data  where  the  error  prejud¬ 
icial  to  his  product  is  deemed  acceptable. 

12.3.3  Calculate  octave  band  power  levels  and  A-weighted  sound 
power  in  accordance  with  the  appropriate  section  of  the 
ISO/TC  A3  documents  on  the  "Determination  of  Sound  Power 
Emitted  By  Noise  Sources,"  which  applies  to  the  space 
being  used  for  the  measurements. 

13.0  METHODS  OF  ACOUNSTICAL  MEASUREMENT  AND  POSITION  OF  MEASURING  POINTS1 

13.1  When  measurements  are  made  under  free  field,  free  field  over 
a  reflecting  surface  or  semi-reverberant  conditions,  the 
microphone  positions  shall  be  arranged  over  a  hemispherical 
surface  centered  about  the  center  of  the  projection  of  the 
pump  on  the  reflecting  plane. 

13.1.1  The  radius  of  the  hemispherical  surgace  shall  be 
more  than  twice  the  maximum  dimension  of  the  pump 
(ignoring  minor  projections  such  as  the  shaft)  but 
no  less  than  one  meter. 


^Final  recommendations  to  be  prepared  by  Dr.  Brownsey,  Chairman  WG-1 . 
Notes  are  from  previous  documents. 


117 


13.1.2. 


Use  at  least  four  positions  located  central  to  equal 
areas  of  the  hemispherical  surface,  (See  Table  IV 
and  Fig.  4. 


TABLE  IV:  COORDINATES  FOR  FOUR-POINT  MICROPHONE  ARRAY 

X  Y  Z , 

r  r  r 


-.40 

-.40 

.84 

0 


.74  .53 

-.74  .53 


0  .53 

0  1.00 


13.2  For  measurements  made  under  reverberant  conditions,  a  single 

microphone  position  can  be  used  if  adequate  diffusion  has  been 
shown  to  exist  in  accordance  with  Paragraph  8.0. 

14.0  QUANTITIES  TO  BE  MEASURED2 

15.0  CALCULATION  AND  INTERPRETATION  OF  RESULTS2 

16.0  TEST  REPORT 

16.1  An  A-weighted  sound  power  level  and  octave  band  sound  power 
levels  for  the  bands  of  interest  shall  be  reported  for  each 
set  of  operating  conditions  specified. 

16.2  A  complete  set  of  operating  conditions  consists  of: 


16.2.1 

Shaft  Speed 

16.2.2 

Discharge  Pressure 

16.2.3 

Inlet  Pressure 

16.2.4 

Inlet  Temperature 

16.2.5 

Fluid  Viscosity  (cs,  SUS) 

16.2.6 

Output  Flow  (%Displacement) 

16.2.7 

Case  Pressure 

16.3  The  following  data  shall  also  be  recorded  for  each  pump  tested 

16.3.1  Pump  Description 

16.3*2  Date  of  Test 

16.3.3  Type  of  Fluid 

16.3-4  Compensator  Pressure  Setting 

16.3.5  Location  of  Test 

16.3.6  Type  of  Tst  Space 

16.3.7  Results  of  Test  Space  Verification 


2 

Paragraph  14.0 
to  be  prepared 


to  be  prepared  by  UK  delegation  to  WG1. 
by  French  delegation  to  WG1. 


Paragraph  15.0 
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TABLE  V-A:  EXAMPLE  DATA  FOR  EACH  PUMP  TESTED 


Pump  Description _  Date  of  Test 

Fluid  _  Compensator  Pressure  Setting 

Location  of  Test _  Type  of  Test  Facility 

Results  of  Test  Facility  Verification _ 


TABLE  V-B:  EXAMPLE  DATA  SUMMARY  FOR  ONE  OPERATING  CONDITION 

Shaft  Speed _  Discharge  Pressure _ 

Inlet  Temperature _  Inlet  Pressure _ 

Fluid  Viscosity _ Output  Flow _ 

Case  Pressure_ _  /  Displacement _ 


Octave  Band 
Center  Frequency 
(Hz) 

125 

250 

500 

1000 

2000 

4000 

8000 

Sound  Power 
Level 
(dB) 

Sound  Power  dBA 


SOURCE 


ALL  DIMENSIONS  IN  METERS 
D2SI/6R 

X-Y  PLANE  IS  THE  REFLECTING  PLANE 


Fig.  F-1.  Four-Point  Measurement  Array  for  Non-Reverberant  Environments  With  Small  Sources, 


APPENDIX  G 


TEST  CODE  FOR  MEASURING  AND  REPORTING  FLUID-BORNE  NOISE 
EMITTED  BY  HYDRAULIC  FLUID  POWER  PUMPS 


NOTE:  This  document  is  a  rough  draft  of  one  basic  approach  to  measuring 
pump  fluid-borne  noise.  It  is  intended  only  as  a  guide  for  the 
development  of  a  test  code.  Another  basic  approach  is  outlined 
in  Chapter  II. 


REFERENCES* 


1.  American  National  Standard  Glossary  of  Terms  for  Fluid  Power,  ANSI/ 
B93.2,  and  Supplements  Thereto.  (ISO/TC  131/SC  1  USA- _ ). 


2.  ISO  Recommendation  R495,  General  Requirements  for  the  Preparation 
of  Test  Codes  for  Measuring  the  Noise  Emitted  by  Machines. 

3.  ISO  Recommendation  R1000 ,  International  Standard  Rules  for  the  Use 
of  Units  of  the  International  System  of  Units  and  a  Selection  of 
the  Decimal  Multiples  and  Sub-Multiples  of  SI  Units. 

4.  ISO  Recommendation  R1680,  Test  Code  for  the  Measurement  of  the 
Airborne  Noise  Emitted  by  Rotating  Electrical  Machinery. 

5.  Society  of  Automotive  Engineers  Aerospace  Recommended  Practice, 
Determination  of  Hydraulic  Pressure  Drop,  SAE/ARP  24B-1968 . 


*Unless  otherwise  noted,  all  references  shall  be  in  accordance  with  the 
latest  revision. 
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TEST  CODE  FOR  MEASURING  AND  REPORTING  FLUID-BORNE  NOISE 
EMITTED  BY  HYDRAULIC  FLUID  POWER  PUMPS 

-  INTRODUCTION  - 


In  hydraulic  fluid  power  systems,  power  is  transmitted  and  controll¬ 
ed  through  a  liquid  under  pressure  within  an  enclosed  circuit.  Pumps 
convert  mechanical  power  into  hydraulic  fluid  power.  Pressure  pulsations 
are  created  in  the  hydraulic  fluid  during  the  power  conversion  process. 
These  pressure  pulsations  transmit  vibrational  energy  to  fluid  conduits 
and  other  components.  The  transmitted  pulsations  may  ultimately  cause 
airborne  noise.  A  pump's  potential  for  directly  causing  airborne  noise 
is  an  important  consideration  in  component  selection.  The  results  of  this 
procedure  might  be  used  to  compare  the  pressure  pulsations  caused  by  two 
different  pumps. 

1.0  SCOPE 


To  include  the  measurement  and  reporting  of  the  pressure  pulsations 
caused  by  any  hydraulic  fluid  power  pump. 

2.0  PURPOSE 


To  provide  a  means  of  comparing  pressure  pulsations  associated  with 
hydraulic  fluid  power  pumps  where  the  comparable  data  have  been  measured 
and  reported  according  to  a  specific  test  procedure. 

3.0  TERMS  AND  DEFINITIONS 

4.0  UNITS 

4.1  The  International  System  of  Units  (SI)  is  used  in  accordance 
with  Ref.  No.  3. 

4.2  Approximate  conversions  to  "Customary  U.S."  units  are  give  for 
informational  purposes..  These  appear  in  parenthesis  after  their 
SI  counterparts. 

5.0  LETTER  SYMBOLS 

6.0  GENERAL 

6.1  Set  up  and  maintain  apparatus  per  sections  7  and  8. 

6.2  Run  all  tests  per  Section  9. 
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6.3  Present  data  from  Section  9  per  Section  10. 


7.0  TEST  EQUIPMENT 

7 . 1  Hydraulic  Equipment 

7.1.1  The  hydraulic  circuit  is  to  include  oil  filter,  oil 
cooler,  and  reservoir  and  restrictor  valves  as  re¬ 
quired  to  meet  the  pump  hydraulic  test  conditions. 

7.1.2  The  test  fluid  and  filtration  level  shall  be  in  ac¬ 
cordance  with  manufacturer's  recommendations. 

7.1.3  Exercise  extra  care  in  assembling  inlet  lines  to  pre¬ 
vent  air  leaking  into  the  circuit. 

7.1. A  Locate  inlet  restrictor  valves  upstream  of  the  pump  as 

far  as  practical  to  minimize  aeration  to  pump  inlet  port. 

7.1.5.  Locate  the  inlet  pressure  gauge  at  the  same  height  as 
the  inlet  fitting  or  calibrate  gauge  for  height  dif¬ 
ference  . 

7.1.6  Use  a  needle  valve  (load  valve)  to  create  the  required 
pump  outlet  pressure. 

7.1.7  Locate  the  load  valve  at  least  25  feet  downstream  of 
the  pump  outlet. 

7.1.8  Locate  a  piezometer  tube,  constructed  per  Ref.  5  and 
of  the  same  tube  size  as  the  pump  outlet,  as  close  as 
practical  to  the  pump  outlet. 

7.1.9  Install  a  pressure  pulsation  attenuator,  which  dampens 
20  db  at  100  Hz  and  higher  frequencies,  downstream 

of  the  piezometer  tube  but  upstream  of  the  load  valve. 

7 . 2  Mechanical  Equipment 


7.2.1  Construct  the  pump  mount  so  that  it  will  not  add  to  or 
detract  from  the  pressure  pulsations. 

7.3  Test  Circuit 


7.3.1  Verify  the  suitability  of  the  test  circuit  per  the 
appropriate  procedure. 

7 . A  Measuring  Instruments 

7.A.1  Acoustical  Analysis  Instruments 

7. A. 1.1  Secure  instrumentation  that  complies  with  the 
measuring  instrument  requirements  of  Ref.  A. 
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7. 4. 1.2  Calibrate  the  measuring  instruments  per  Ref.  4. 


7.4.2  Measure  temperatures  and  pressures  at  the  pump  inlet  and 
discharge  fittings. 

►  7.4.3  Pressure  Instrumentation 

7.4. 3.1  Secure  a  dynamic  pressure  transducer  and  associated 
conditioning  equipment  which  has  an  output  volt¬ 
age  linearally  proportional  to  pressure  within  +  4% 
over  a  frequency  range  of  100  Hz  to  10,000  Hz  and 

a  time  constant  of  less  than  15  seconds. 

7. 4. 3. 2  Insure  that  each  unit  in  the  pressure  instrument¬ 
ation  system  is  calibrated  at  least  every  six  months 

8.0  TEST  CONDITIONS  ACCURACY 

Set  up  and  maintain  equipment  accuracy  within  the  limits  of  Table  I. 


TABLE  I: 

TEST 

CONDITIONS 

ACCURACY 

Test  Conditions 

SI  Unit 

U.S.  Unit 

Maintain  Within 

+ 

Flow 

l/mln 

U.S.  GPM 

2% 

Pressure,  Pump 

(Positive) 

bar 

psig 

2% 

Inlet 

(Negative) 

mm  Hg 

in  Hg 

21 

Pressure 

bar 

psig 

21 

Speed 

RPM 

RPM 

2% 

Temperature 

°C 

°F 

3°C(5°F) 

9.0  TEST  PROCEDURE 


9.1  Transducer  Preparations 

9.1.1  Attach  pressure  transducer  to  piezometer  tube  with  a 
minimum  of  tubing. 

9.1.2  Insure  that  no  air  is  trapped  in  the  connecting  line 
between  the  transducer  and  the  piezometer  tube. 

9 . 2  Pulsation  Measurements 

9.2.1  Operate  the  pump  at  conditions  specified  in  the  test 
requirement . 


9.2.2  Insure  that  the  pump  has  been  operated  at  test  conditions 
for  one  hour  previously  or  operate  at  specified  conditions 
for  one  hour. 

9.2.3  Stabilize  all  test  conditions. 

9.2.4  Wait  60  seconds  after  reaching  a  stabilized  operating 
condition  before  proceeding  to  Clause  9.2.5. 

9.2.5  Obtain  measured  pulsation  mean  levels  in  dB  at  each  oc¬ 
tave  band  center  frequency  between  125  Hz  and  8000  Hz. 

9.2.6  Convert  measurements  of  Clause  9.2.6  to  dB  values  rel¬ 
ative  to  20nN/MT 

9.2.7  Record  the  results  of  Clause  9.2.6  (See  Table  II.) 

10.  DATA  PRESENTATION 

10.1  Prepare  a  data  summary  using  the  results  of  Section  9. 

10.2  Use  Table  II  as  an  example  summary. 

10.3  Include  the  following  information  on  the  summary: 

10.3.1  Pump  Description 

10.3.2  Fluid  Visccsity  (cSt,  SUS) 

10.3.3  Date  of  Test 

10.3.4  Location  of  Test 

10.3.5  Shaft  Speed 

10.3.6  Discharge  Pressure. 

10.3.7  Inlet  Press\.i° 

10.3.8  Inlet  Temperature 

10.3.9  Type  of  Fluid 

10.3.10  Output  Flow  (for  variable  displacement  units;  also 
state  percentage  displacements,  i.e.  90%,  5%,  etc.) 

10.3.11  Case  Pressure 
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10.3.12  Compensator  Setting 

10.3.13  Type  of  Pressure  Transducer 

10.3.14  Results  of  Test  Circuit  Verification 
JUSTIFICATION  STATEMENT 

(To  be  included  following  completion  of  the  review  process. 


TABLE  II -A:  EXAMPLE  DATA  FOR  EACH  PUMP  TEST 


Pump  Description _ 

F I  u  i  d _ 

Location  of  Test _ 

Results  of  Test  Circuit  Verification 


Date  of  Test _ 

Compensator  Pressure  Setting 
Type  of  Test  Circuit _ 


TABLE  II-B : 

EXAMPLE  DATA  SUMIARY  FOR  ONE  OPERATING  CONDITION 

Shaft  Speed 

Discharge  Pressure 

Inlet  Temperature 

Inlet  Pressure 

Fluid  Viscosity 

Output  Flow 

Case  Pressure 

%  Displacement 

Octave  Band 
Center  Frequency 
(Hz) 


Sound  Pressure 
Level 
(dB) 


Fluid-borne  Noise  Level 


250  500  1000  2000  4000  8000 


dBA  (re 


20pN/M  ; 


